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SUMMARY 


To  reduce  fleet  maintenance  costs,  the  Air  Force  is  considering  using  repaired  glass 
coclqjit  windows/windshields  (W/WS).  Based  on  reported  cost  savings  and  favorable 
experience  that  commercial  fleets  have  had  with  repaired  W/WS,  the  use  of  repaired  W/WS 
seems  very  attractive.  In  order  to  determine  whether  or  not  significant  savings  can  be  realized 
without  a  performance  penalty,  the  Air  Force  funded  a  study  to  perform  structural  testing  on 
and  a  cost  analysis  of  repaired  W/WS. 

The  approach  followed  for  evaluating  whether  the  use  of  repaired  W/WS  should  be 
pursued  was  to  procure  some  used  B-52  W/WS,  make  repairs  on  them  using  a  number  of 
different  vendors,  and  then  subject  the  repaired  W/WS  to  a  series  of  tests  to  determine  how 
they  perform.  The  cost  to  make  the  repairs  provides  the  data  for  the  cost  analysis.  The  test 
results  provide  a  technical  basis  for  determining  whether  repaired  W/WS  are  acceptable. 

The  test  results  indicate  that  repaired  W/WS  do  not  perform  as  well  as  new  W/WS. 

Many  of  the  repaired  W/WS  still  contain  defects  that  would  not  pass  an  OEM  quality  assurance 
inspection.  The  repaired  W/WS  would  not,  however,  likely  be  removed  for  cause  from  an 
aircraft.  None  of  the  W/WS  tested,  whether  new,  repaired,  or  not  repaired,  exhibited  any 
dramatic  differences  in  pressure  integrity.  Some  delamination  occurred  in  a  few  of  the 
repaired  W/WS  during  pressure  cycling,  but  it  was  not  severe.  Delamination  was  also 
observed  in  the  new  B-52  W/WS. 

The  most  demanding  structural  test  is  the  bird  impact.  B-52  #1  W/WS  were  tested  at 
250  knots,  while  B-52  #2  W/WS  were  tested  at  300  knots.  The  bird  impact  test  results  are 
quite  clear.  The  new  W/WS  outperform  either  repaired  or  unrepaired  W/WS.  Some  of  the 
repaired  and  unrepaired  W/WS  showed  no  evidence  of  damage.  Others,  however,  failed 
catastrophically  allowing  the  bird  to  enter  the  cockpit. 

Costs  for  making  the  repairs  were  less  than  half  of  the  cost  of  a  W/WS.  This  suggests 
that  money  can  be  saved  by  using  repaired  W/WS.  However,  because  the  structural 
performance  of  the  W/WS  is  decidedly  below  that  of  new  W/WS,  the  use  of  repaired  W/WS 
cannot  be  recommended.  There  was  no  substantive  difference  in  W/WS  performance  for 
repairs  made  by  different  vendors. 


PREFACE 


The  work  reported  herein  was  performed  by  Battelle,  Columbus,  Ohio,  under  Air  Force 
Contract  F09603-90-D-2217-SD02,  "Development  of  Repair  Processes  and  Sources  for  C/KC- 
135  and  B-52  Aircraft  WindowsAVindshields. "  The  program  was  directed  by  the  Oklahoma 
City  Air  Logistics  Center  (OC-ALC)  at  Tinker  Air  Force  Base.  Air  Force  administrative 
direction  was  provided  by  Ms.  Cindy  Cooper,  OC-ALC/LADCB.  Air  Force  technical 
direction  was  provided  by  Mr.  Robert  Koger,  OC-ALC/TIETR. 

The  work  was  performed  during  the  period  of  September  1991  to  December  1995.  The 
technical  program  at  Battelle  was  directed  by  Mr.  Richard  Olson  of  Battelle's  Engineering 
Mechanics  Department.  The  author  wishes  to  acknowledge  Mr.  Wayne  Fisher  and  Mr.  Jim 
Hood  of  PPG  Industries,  Inc.  Aircraft  Products  Division  in  Huntsville,  Alabama  for  their 
conscientious  effort  in  performing  the  W/WS  testing,  and  Mrs.  Verna  Kreachbaum  at  Battelle 
for  her  efforts  in  preparing  the  manuscript. 
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1.0  INTRODUCTION 


1.1  Background 

Many  commercial  airlines  currently  use  repaired  glass  cockpit  windows/windshields 
(WAVS)  to  reduce  their  operating  costs.  For  commercial  fleets,  W/WS  represent  the  fifth 
highest  airplane  operating  expense,  behind  engines,  fuel,  tires,  and  brakes.  Because  the  cost  of 
repairing  a  cockpit  W/WS  can  be  substantially  less  than  the  purchase  price  of  a  new  W/WS, 
there  is  an  incentive  to  use  repaired  W/WS.  Commercial  fleets  have  used  repaired  W/WS  for 
a  number  of  years  and  have  had  favorable  experience  with  them. 

The  U.S.  Air  Force  (USAF)  has  not  joined  the  commercial  fleets  in  endorsing  the  use  of 
repaired  W/WS.  With  decreasing  Congressional  funding  for  the  military,  however,  measures 
to  reduce  fleet  operating  costs  are  receiving  greater  scrutiny.  Decreasing  the  lead  time  and 
procurement  costs  for  W/WS  and  gaining  more  control  over  the  spare  parts  inventory  are  the 
benefits  that  could  be  obtained  by  using  repaired  W/WS.  Thus,  the  use  of  repaired  W/WS  is 
being  given  serious  consideration. 

In  September  1991,  the  Air  Force  contracted  with  Battelle  to  investigate  the  feasibility  of 
using  repaired  glass  cockpit  W/WS.  The  mission  of  the  study  was  to  gather  structural 
performance  and  cost  data  to  either  support  or  refute  a  proposal  to  use  repaired  W/WS.  The 
initial  stage  of  the  program  looked  at  C/KC-135  W/WS  cockpit  W/WS.  The  results  of  this 
study'*'  suggested  that  repaired  W/WS  do  not  perform  as  well  as  new  W/WS  and  that  the 
economics  of  using  repaired  W/WS  was  marginal.  To  be  certain  that  this  information  had 
broad  applicability,  a  similar  feasibility  study  was  subsequently  undertaken  using  B-52  W/WS. 
This  report  documents  the  findings  from  the  B-52  W/WS  portion  of  the  study. 

1.2  Objective 

The  objective  of  the  work  reported  herein  is  to  provide  the  technical  and  cost  data 
needed  to  justify  a  decision  by  the  Air  Force  on  whether  or  not  to  use  repaired  glass  cockpit 
WAVS. 

1.3  Approach 

The  approach  followed  for  evaluating  whether  use  of  repaired  W/WS  is  a  viable  option 
for  the  Air  Force  was  to  procure  some  used  W/WS,  make  prototypical  repairs  on  them,  and 
then  subject  the  repaired  W/WS  to  a  battery  of  tests  to  see  if  there  is  any  difference  in 
performance  when  compared  with  new  W/WS.  Making  prototypical  repairs  provides  baseline 
data  for  repair  costs.  The  battery  of  tests  provides  an  evaluation  of  fitness  for  purpose  of  the 
repaired  W/WS. 
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1.4  Report  Contents 

In  the  sections  that  follow,  the  results  of  this  1 14 -year  study  on  B-52  W/WS  are 
presented.  The  discussion  begins  with  a  generic  presentation  about  glass  aircraft  W/WS  and 
ends  with  reconunendations  for  the  Air  Force  concerning  the  use  of  repaired  glass  W/WS. 
Topics  presented  include; 

•  A  review  of  glass  cockpit  W/WS  construction  and  damage 

•  A  discussion  about  the  selection  and  repair  of  W/WS  in  this  program 

•  W/WS  test  results 

•  A  cost  analysis 

•  Conclusions  and  recommendations. 
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2.0  B-52  GLASS  W/WS 


2.1  Construction 

To  provide  a  context  for  discussing  W/WS  repairs,  it  is  important  to  understand  the 
construction  of  glass  cockpit  W/WS.  Figure  2.1  shows  the  general  construction  of  the  glass  B- 
52  W/WS.  The  W/WS  have  a  three-part  glass  and  vinyl  laminate  construction.  The  inner 
layer  is  thick,  heat-strengthened  plate  glass  designed  to  withstand  cabin  pressure  forces.  A 
transparent,  plasticized,  polyvinyl  butyral  core  layer  acts  as  the  "fail-safe"  load  carrying 
member  and  prevents  shattering  in  the  event  of  inner  ply  failure.  The  outer  ply  is  a  relatively 
thin  layer  of  heat-strengthened  glass  with  no  structural  significance,  but  it  provides  rigidity  and 
a  scratch-resistant  surface.  A  phenolic  or  masonite  filler  strip,  located  around  the  edge  of  the 
W/WS,  and  a  metal  filler  strip  embedded  in  the  vinyl  provide  the  means  to  attach  the  W/WS  to 
the  airframe.  Vinyl  or  vinyl  and  rubber  bumpers  protect  the  edges  of  the  glass  plies. 

The  structural  integrity  design  of  B-52  cockpit  W/WS  is  based  on  two  requirements: 
"fail-safe"  pressure  integrity  and  bird  impact  resistance.  The  "fail-safe"  pressure  integrity  is 
founded  on  two  redundant  systems,  an  inner  glass  ply  that  can  sustain  the  full  rated  cabin 
pressure  in  the  absence  of  all  other  layers,  and  a  polymeric  core  ply  that  can  maintain  pressure 
integrity  if  the  inner  and  outer  glass  plies  are  cracked.  The  bird  impact  structural  integrity  of 
W/WS  is  either  characterized  as  "bird  bagging"  or  "bird  bounce. "  Bird  bagging  W/WS, 
typically  two  glass  layers  with  a  polymeric  core  ply,  stop  bird  penetration  by  large  ductile 
deformation  of  the  core  ply,  i.e.,  "bagging"  the  bird.  Bird  bounce  W/WS  are  typically  multi¬ 
laminates  and  cause  the  bird  to  "bounce"  off  the  W/WS.  The  B-52  cockpit  W/WS  are  "bird 
bagging"  WAVS. 

The  glass  used  in  B-52  W/WS  is  heat  strengthened  to  provide  resistance  to  cracking. 

The  glass  is  heated  to  near  the  softening  point  and  then  quenched  to  produce  compressive 
residual  stresses  that  extend  from  the  outer  surface  into  a  depth  of  about  1/6**  of  the  glass 
thickness.  Below  the  compressive  stress  layer  lies  tensile  residual  stresses,  see  Figure  2.2.  As 
long  as  surface  defects  do  not  penetrate  into  the  tensile  layer,  the  glass  will  exhibit  a  high 
resistance  to  fracture.  Once  a  crack  does  fully  penetrate  the  tensile  layer,  the  glass  will  shatter 
as  the  tensile  stresses  are  relieved. 

The  vinyl  core,  which  acts  as  the  "fail-safe"  pressure  boundary  and  means  for 
controlling  glass  fragments  in  the  event  of  a  glass  ply  failure,  is  highly  plasticized  polyvinyl 
butyral.  The  vinyl  is  relatively  brittle  at  low  temperatures  (-65°  F),  and  unable  to  absorb 
much  energy  per  unit  volume.  At  temperatures  approaching  130°  F,  the  vinyl  becomes  very 
ductile  and  can  absorb  a  relatively  large  amount  of  energy  as  it  is  loaded.  W/WS  heaters, 
which  not  only  de-fog  and  de-ice  the  glass,  ensure  that  the  vinyl  remains  ductile. 

An  integral  part  of  the  B-52  W/WS  construction  is  slip  planes  or  a  parting  medium  at  the 
edges  of  the  glass.  A  slip  plane  is  located  between  both  the  inner  glass  ply  and  the  vinyl  and 
the  outer  glass  ply  and  the  vinyl  as  shown  in  Figure  2.1.  The  slip  planes  are  thin  strips  of 
material  at  the  glass- vinyl  interface  that  keep  the  glass  from  bonding  to  the  vinyl.  This  allows 
the  various  plies  to  move  independently  at  these  locations  in  response  to  pressure  loads  and 
differential  thermal  expansion.  Without  the  slip  planes,  the  glass  at  the  edges  of  the  W/WS 
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would  be  prone  to  fracture  because  it  would  exceed  its  strain  limit  as  it  tried  to  move  with  the 
underlying  vinyl.  The  slip  planes  form  a  "softer"  connection  that  promotes  a  more  gradual 
build  up  of  strains  in  the  glass  so  that  it  does  not  exceed  its  strain  capacity.  Although  the  slip 
planes  look  similar  to  delamination,  they  are  not  defects  but  an  intentional  part  of  the  W/WS 
design. 

The  B-52  cockpit  W/WS  contain  heating  systems  for  anti-icing  and/or  anti-fogging.  An 
electrically  conductive  film  of  pyrolytic  tin  oxide  between  the  outer  glass  ply  and  the  vinyl  core 
ply  is  used  to  heat  the  W/WS  to  reduce  ice/frost  formation.  A  similar  conductive  film  between 
the  inner  ply  and  core  ply  is  used  on  some  W/WS  for  defogging  only.  The  W/WS  heating 
system,  so  called  NESA®  coated  glass,  uses  the  resistivity  of  the  film  to  provide  the  heating. 
The  temperature  of  some  W/WS  is  controlled  with  an  integral  sensor  embedded  in  the 
laminate.  The  sensor,  a  negative  temperamre  coefficient  thermistor,  exhibits  increasing 
resistance  with  increasing  temperature.  When  hooked  into  an  appropriate  power  amplifier 
circuit,  the  electrical  power  applied  to  the  W/WS  is  modulated  to  keep  the  W/WS  temperature 
within  a  specified  band.  Externally  applied  thermal  switches  control  the  temperature  on  other 
W/WS. 

Seals  on  the  W/WS  keep  cabin  pressure  in  and  moismre  out.  In  addition,  they  act  as 
vibration  and  shock  absorbers  and  help  to  compensate  for  differential  thermal  expansion 
between  the  W/WS  and  the  airframe.  B-52  W/WS  use  either  molded-in-place  seals  or  pre¬ 
made  polysulfide  rubber  seals  that  are  glued  onto  the  W/WS  frame  with  polysulfide  rubber. 

All  of  the  W/WS,  except  the  escape  hatch  W/WS,  mount  from  the  inside  of  the  aircraft. 
Drawing  the  W/WS  tight  to  the  airframe  with  mounting  bolts  effects  the  seal. 

Many  of  the  W/WS  on  the  B-52  are  flat.  The  W/WS  directly  in  front  of  the  pilot  fall 
into  this  category.  Because  they  are  flat,  they  are  easy  to  manufacture  and  repair.  In  addition, 
they  have  very  good  optics.  Several  of  the  W/WS  are  curved.  Some  of  them  have  a  single 
axis  of  curvature,  while  others  have  compound  curvature.  The  curvature  tends  to  result  in 
some  degree  of  optical  distortion,  and  the  curvature  makes  it  somewhat  more  difficult  than  flat 
W/WS  to  repair,  in  spite  of  the  fact  that  the  curved  W/WS  are  generally  smaller  than  the  flat 
ones. 

2.2  Damage 

The  most  common  failure  modes  of  laminated  glass  transparencies  are: 

•  Delamination:  separation  of  vinyl  from  the  glass 

•  Cracks  and  chipping:  glass  breakage  due  to  high  stress 

•  Arcing:  unbalanced  electrical  potential  within  the  conductive  coating 

•  Heater  Failure:  loss  of  continuity  in  the  heater  or  sensor  circuit  or  low  power 

•  Impaired  Vision:  due  to  surface  scratches,  contaminates,  or  internal  defects 
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Contamination:  air  or  water  leaks  caused  by  defective  seals 


•  Vinyl  cracking. 

Delamination  is  separation  of  the  glass  surface  of  the  inner  or  outer  ply  from  the  vinyl 
core  ply  to  which  it  is  bonded.  Delamination  generally  starts  at  the  slip  planes  and  moves 
inward,  although  it  may  occur  anywhere  in  the  W/WS.  It  mainly  occurs  between  the  outer  ply 
and  the  vinyl  ply.  Delamination  does  not  dramatically  reduce  the  strength  of  the  WAVS,  but 
may  interfere  with  vision  or  W/WS  heating  if  the  delamination  occurs  at  the  interface  where 
the  heating  film  is  located. 

Cracks  and  chips  may  occur  in  either  of  the  glass  plies  and  may  be  eaused  by  impacts  or 
by  high  stresses  at  the  edges  of  the  glass.  Single  cracks  in  the  outer  ply  are  unlikely  because 
the  temper  in  this  layer  precludes  a  single  crack.  After  the  momentary  appearance  of  a  crack 
in  the  outer  layer,  the  entire  layer  shatters  very  abruptly.  Small  cracks  very  near  the  edges  of 
the  W/WS  may  not  be  cause  for  removal,  provided  the  crack  is  not  directed  toward  the  center 
of  the  pane.  Cracks  that  adversely  affect  the  functioning  of  the  heater  would  not  be  acceptable. 
Chips  may  occur  internally  or  externally.  Internal  chips  are  caused  by  the  glass- vinyl  bond 
strength  exceeding  the  strength  of  the  glass.  External  chips  are  generally  caused  by  impacts. 
Chips  usually  have  a  clamshell  shape,  are  rough,  and  white  powdered  glass  is  often  in 
evidence.  Chips  are  detrimental  to  the  strength  of  the  pane. 

W/WS  busbar  breakdown  and  faults  in  the  heater  film  cause  arcing.  Basically,  the 
insulation  breaks  down  and  the  heater  electrical  current  short  circuits  to  the  airframe.  Arcing 
is  evidenced  by  burned  areas  around  electrical  braid  and  along  the  busbar. 

The  failure  of  the  W/WS  heater  to  de-ice  or  defog  satisfactorily  is  one  of  the  most 
serious  failure  modes.  Arcing,  chips,  cracks,  or  lack  of  continuity  in  the  heater  film  that 
render  the  heater  inoperative  are  cause  for  W/WS  replacement.  Uneven  heating  or  hot  spots 
caused  by  delamination  at  the  glass- vinyl  interface  with  the  heating  film  or  chips  may  also  be  a 
cause  for  removal.  As  W/WS  age,  the  resistance  of  the  heater  generally  rises.  In  order  to 
provide  the  same  power  for  defogging  or  de-icing,  the  voltage  applied  to  the  W/WS  must  be 
increased.  At  the  maximum  possible  voltage  (which  is  governed  by  the  design  of  the  W/WS 
autotransformer  and  the  current  carrying  capacity  of  the  wiring  to  the  W/WS),  if  the  W/WS 
heater  resistance  is  above  allowable  specifications,  the  heater  will  be  perceived  as  being 
ineffective. 

Satisfactory  optical  properties  of  the  W/WS  are  paramount.  Foggy  or  cloudy  areas  may 
appear  in  places  where  moisture  has  penetrated  the  vinyl  and  has  begun  to  degrade  it. 

Scratches  may  occur  on  both  the  inner  and  outer  plies  that  may  interfere  with  visibility. 
Likewise,  delamination  may  become  serious  enough  to  warrant  replacement  of  the  W/WS  on 
the  basis  of  reduced  visibility.  Bubbles  may  occur  in  the  vinyl  core  ply  in  W/WS  that  have 
been  exposed  to  elevated  temperamres.  Bubbles  are  caused  by  gas  liberated  from  the  vinyl, 
and  grow  in  size  and  number  with  increased  temperature  or  longer  exposures.  Needless 
operation  of  the  heaters  on  the  ground  is  a  prime  cause  of  bubbles.  Bubbles  do  not  have  a 
large  effect  on  strength  of  the  W/WS,  but  may  become  serious  enough  to  impair  visibility. 
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Although  other  failure  modes  may  not  be  evident,  poor  optical  performance  is  always  a 
sufficient  cause  for  W/WS  replacement. 

The  bumpers  on  the  edges  of  the  glass  form  a  moisture  barrier.  Degradation  of  bumpers 
in  the  form  of  cracking  or  separation  from  the  edge  of  the  glass  ply  can  allow  moisture  and  air 
to  get  into  the  slip  planes.  Moisture  can  degrade  the  heater  film  with  consequent  initiation  of 
heater  failure,  arcing,  delamination,  and  contamination. 

As  a  result  of  aging,  cracks  may  occur  in  the  vinyl.  Over  time,  attack  by  ultraviolet 
radiation  and  high  temperatures  also  causes  the  vinyl  to  lose  ductility.  Eventually,  cracks  may 
form  around  the  periphery  of  the  W/WS  in  proximity  to  the  metal  insert  as  the  glass  and  vinyl 
try  to  move  relative  to  one  another.  Vinyl  cracks  significantly  weaken  the  structure  of  the 
W/WS  by  putting  flaws  directly  in  the  load  path  between  the  transparency  and  the  airframe  for 
bird  impact  loads.  Per  Figure  2.1,  only  the  vinyl  extends  out  to  the  mounting  holes,  not  the 
glass.  Therefore,  if  the  vinyl  is  cracked  near  the  metal  insert,  the  W/WS  could  just  "punch 
out"  of  the  frame  into  the  cabin  in  a  bird  impact  situation.  The  vinyl  layer  is  also  the  pressure 
"fail-safe"  layer,  so  vinyl  cracks  are  quite  important. 

In  addition  to  cracking,  the  vinyl  layer  may  discolor  or  darken  if  it  is  subjected  to 
temperatures  in  excess  of  225°  F.  Foreign  substances  in  the  glass-vinyl  interface,  either  from 
in-service  conditions  or  introduced  as  a  part  of  a  repair  process,  may  also  cause  discoloration. 

2.3  Repairs 

The  manufacture  of  a  new  W/WS  is  conceptually  quite  simple  -  two  layers  of  glass  are 
bonded  together  with  vinyl  under  heat  and  pressure  to  form  an  optically  acceptable 
transparency.  Likewise  repairing  a  damaged  W/WS  is  also  concepmally  simple  -  rebond 
separated  laminates,  and  remove  unacceptable  scratches,  chips,  and  cracks.  Unfortunately, 
although  the  concept  of  manufacturing  a  new  W/WS  or  repairing  a  damaged  one  is  quite 
simple,  the  implementation  requires  a  great  deal  of  "art"  and  practice  to  become  skilled  at 
making  successful  repairs. 

Economical  glass  cockpit  W/WS  repairs  are  generally  limited  to  the  exterior  surfaces 
that  are  accessible  without  disassembling  the  windshields.  In  exceptional  cases,  when  the  cost 
of  a  new  W/WS  is  high,  W/WS  can  be  disassembled  for  repair  by  separating  the  glass  and 
vinyl  layers. 

W/WS  repairs  can  be  conveniently  divided  into  four  categories: 

1)  Electrical  heater  system  repairs 

Electrical  heater  repair  is  limited  to  re-connecting  the  resistive  wiring  when  the 
resistance  reading  is  infinite.  W/WS  with  resistance  readings  outside  the 
acceptable  ranges,  other  than  open  circuits,  are  deemed  un-serviceable. 

An  open  circuit  can  possibly  be  repaired  by  manually  soldering  the  accessible 
breaks  in  the  electrical  braid.  Corrosion  can  be  removed  from  exposed  terminal 
blocks  using  a  fine  grade  abrasive.  Repair  of  open  or  arcing  busbars  can  also  be 
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effected  by  injecting  a  conductive  adhesive  material  at  the  glass-vinyl  interface 
where  the  busbar  defect  is  located. 

2)  Delamination 

Delamination  between  the  glass  and  vinyl  plies  of  the  W/WS  greater  than  40- 
percent  of  the  WAVS  area,  or  vinyl  tearing  is  deemed  unserviceable  and  the 
W/WS  is  scrapped.  The  use  of  an  autoclave  to  laminate  glass  sheets,  laminates, 
and  transparencies  is  cited  in  a  number  of  patents.  A  1967  PPG  Industries  Inc. 
patent,  #  3,311,517^^',  cited  an  oil  autoclave  curing  cycle  of  "up  to  30  minutes  or 
more  at  a  temperature  of  about  190  to  325  degrees  Fahrenheit,  preferably  about 
225  to  300  Fahrenheit,  and  simultaneous  pressures  of  between  100  and  250  pounds 
per  square  inch,  depending  on  the  thickness  of  the  components  of  the  assembly  to 
be  laminated  and  the  number  of  interfaces  between  the  components." 

The  use  of  autoclaves  that  use  oil  to  apply  pressure  to  the  W/WS  has  been 
superseded  by  autoclaves  that  apply  pressure  using  air,  with  the  W/WS  in  vacuum 
bags.  Repair  of  delamination  by  injection  of  adhesives  into  the  W/WS  is  also 
possible. 

3)  Surface  defects 

Repairable  "minor"  surface  defects  such  as  scratches,  up  to  0.005  inches  deep,  can 
be  polished,  then  blended  to  avoid  optical  distortion.  Cracks  or  chips  in  the  glass 
panels  are  not  repairable,  and  the  W/WS  is  deemed  non-serviceable  and  scrapped. 

a.  Spot  polishing  is  mostly  performed  as  a  manual  bench-top  operation  using 
hand-held,  air-powered  tools,  such  as  palm  sanders,  with  either  bonded 
sheet  abrasives  or  loose  rare  earth  compound  abrasives  such  as  cerium 
oxide.  Stationary  polishing  belts  are  also  available.  However,  it  is  not 
feasible  to  manually  feed  a  60-70  pound  windshield  for  any  length  of  time. 
Polishing  is  a  messy  operation  because  it  is  usually  done  wet,  requiring 
much  manual  effort  and  skill,  and  it  relies  extensively  upon  operator 
experience. 

Manual  glass  surface  polishing  on  strengthened  (tempered)  glass  is  not 
widely  performed  outside  of  the  aircraft  industry  because  it  is  time 
consuming  and  the  success  is  low  due  to  the  ease  of  introducing  optical 
distortion.  Aside  from  airplane  W/WS,  it  is  generally  cheaper  to  replace  a 
scratched  W/WS  than  it  is  to  polish  it.  For  a  0.005-inch  deep  scratch,  the 
defect  would  have  to  be  "feathered  out"  over  a  width  of  ±3.82  inches  to 
preserve  an  optical  deviation  of  4.5  arc  minutes,  the  standard  for  C/KC-135 
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#1  W/WS  in  the  center  viewing  area  of  the  WAVS.  For  a  relatively  large 
flat  W/WS  (B-52  center  W/WS)  polishing  may  take  in  excess  of  12  hours. 

b.  In  exceptional  cases,  where  a  new  W/WS  is  very  expensive,  a  scratched 
front  glass  ply  and  the  underlying  vinyl  can  be  removed  and  replaced.  The 
criterion  for  whether  or  not  this  operation  is  justified  is  the  new  W/WS  cost 
versus  polishing  cost  versus  ply  replacement  cost. 


4)  Seals  and  bumpers. 

Seals  on  all  W/WS  can  be  replaced  and  bumpers  can  be  cleaned  up  or  repaired. 

The  seals  on  the  W/WS  are  either  of  the  cast-in-place  type,  or  the  glue-on  type. 

To  replace  a  seal,  the  old  one  must  first  be  peeled  off  and  the  W/WS  frame  surface 
cleaned,  and  a  new  seal  installed. 

The  exposed  edges  of  the  glass,  in  some  W/WS  designs  are  protected  with  a  vinyl, 
vinyl  and  rubber,  or  all  rubber  bumper  either  integral  with  the  W/WS  or  glued  on 
with  adhesive.  If  the  bumper  has  separated  from  the  glass  or  if  sealant  that 
overcoats  the  bumper  is  damaged,  the  old  sealant  is  removed  by  cutting  and 
scraping  and  new  sealant  is  reapplied  to  ensure  that  the  W/WS  is  moisture-tight. 


3.0  WAVS  REPAIRS  MADE  FOR  THIS  PROGRAM 


There  currently  are  five  prominent  commercial  aircraft  WAVS  repair  vendors; 

NORDAM  Transparency  Division;  Perkins  Aircraft  Services,  Inc.;  The  Glass  Doctor;  PPG 
Industries,  Inc.  Aircraft  Products  Division;  and  Pilkington  Aerospace,  Inc.  Each  of  these 
companies  has  developed  the  necessary  techniques  and  skills  to  become  an  FAA-certified 
W/WS  repair  station.  In  all  cases,  the  concepts  involved  in  their  repair  processes  are  as  simple 
as  described  above.  The  actual  reduction  to  practice  of  the  concepts,  however,  is  either  treated 
as  a  trade  secret  or  is  covered  by  patents. 

3.1  Repair  Vendors 

3.1.1  NORDAM  Transparency  Division 

NORDAM  Transparency  Division  is  one  of  the  world's  largest  privately  held,  FAA- 
approved  transparency  repair  stations,  providing  comprehensive  overhaul  capabilities  on  glass 
and  acrylic  WAVS.  Located  in  Tulsa,  Oklahoma,  NORDAM  has  more  than  15  years 
experience  in  the  repair  and  overhaul  of  aircraft  W/WS. 

Repairs  that  NORDAM  is  authorized  to  make  include  relaminating,  surface  polishing, 
and  seal  rehabilitation.  Autoclave  curing  of  delamination,  bubbles,  voids  and  interlayer  vinyl 
cracking  is  done  with  the  same  laminating  cycles,  times  and  methods  utilized  in  the  original 
manufacture  of  the  W/WS.  Polishing  includes  removal  of  scratches,  chips  and  pits  from  the 
outer  glass  or  acrylic  and  inner  plies.  Original  optimum  optics  are  restored  with  the  least 
amount  of  surface  material  removal,  in  accordance  with  strict  adherence  to  OEM  manual  limits 
for  removal.  Seal  rehabilitation  includes  cleaning,  repairing,  or  replacing  of  seals  as  required. 
NORDAM  is  authorized  by  the  FAA  under  Air  Agency  Certificate  EZ22812K  to  make  the 
W/WS  repairs.  Appendix  A  has  a  copy  of  the  certificate. 

3.1.2  Perkins  Aircraft  Services,  Inc. 

Perkins  Aircraft  Services,  Inc.  specializes  in  the  overhaul  and  repair  of  both  monolithic 
and  laminated  aircraft  transparencies  made  of  glass  or  acrylic.  Located  in  Ft.  Worth,  Texas, 
Perkins  is  an  FAA-approved  repair  facility  authorized  to  make  in-plant  and  "on  the  aircraft" 
repairs. 

A  five-step  process  is  used  by  Perkins  to  restore  damaged  W/WS  to  an  FAA-serviceable 
condition.  First,  all  incoming  W/WS  are  given  a  thorough  inspection  to  determine  whether  the 
W/WS  can  be  repaired.  W/WS  with  out-of-specification  electrical  systems  or  that  are 
otherwise  judged  unrepairable  are  rejected  and  returned.  The  second  step  of  the  process  is 
repair  of  delamination.  Using  a  proprietary  autoclave  process,  the  W/WS  are  heated  and 
pressed  to  rebond  the  W/WS  layers.  Polishing,  the  third  step  in  the  W/WS  repair  process,  is 
done  to  remove  scratches,  chips,  and  in  the  case  of  plastic  W/WS,  crazing,  using  automated 
polishing  machines.  The  fourth  step  is  reassembly.  In  this  step,  the  transparencies  are 
matched  up  to  their  original  frames,  as  applicable,  and  seals  and  gaskets  are  replaced.  The 
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final  step  in  Perkins'  W/WS  repair  process  is  to  perform  a  quality  assurance  inspection  to 
ensure  that  all  of  the  necessary  repairs  have  been  made  and  that  the  WAVS  has  been  restored  to 
OEM  specifications.  Perkins  holds  FAA  Air  Agency  Certificate  JKQR257L,  see  Appendix  A, 
which  authorizes  them  to  operate  their  WAVS  repair  station. 

3.1.3  The  Glass  Doctor 

The  Glass  Doctor  of  St.  Petersburg,  Florida  got  into  the  aircraft  transparency  repair 
business  in  1979  after  working  in  the  automobile  windshield  repair  business  for  10  years. 
Starting  with  cabin  window  repairs,  the  business  has  expanded  to  also  include  FAA-approved 
repair  of  all  cockpit  W/WS  as  well  as  cabin  windows. 

The  Glass  Doctor  has  developed  special  techniques  for  repairing  chips,  nicks,  and 
delaminations  in  W/WS.  Unlike  the  other  aircraft  W/WS  repair  vendors,  The  Glass  Doctor 
does  not  rely  solely  upon  polishing  and  re-autoclaving  of  the  W/WS  to  effect  the  repairs.  As 
described  in  U.S.  patents  #3,841,932'^^  #3,914, 145^'^^  and  #4,780,162^^^  The  Glass  Doctor 
repairs  conical  cracks  by  filling  the  crack  with  a  polymerizable  resin  that  is  vibrated  into  place 
by  motion  of  the  conical  plug,  see  Figure  3.1.  Delamination  repairs  can  be  made  by  injecting 
an  adhesive  between  the  delaminated  plies  per  Figure  3.2.  Conventional  autoclave 
relamination  and  polishing  for  scratch  and  distortion  removal  is  also  done. 

Using  experience  gained  from  their  delamination  repair  techniques.  The  Glass  Doctor 
has  also  developed  the  unique  capability  to  replace  failed  W/WS  heater  sensors  and  can  repair 
open  or  arcing  busbars.  Failed  heater  sensors  are  replaced  by  drilling  into  the  vinyl  and 
potting  a  new  sensor  in  the  hole.  Open  or  arcing  busbars  are  repaired  by  injecting  a 
conductive  adhesive  material  at  the  glass- vinyl  interface  where  the  busbar  defect  is  located. 
Although  there  is  some  controversy  in  the  aircraft  W/WS  repair  industry  associated  with  the 
repairs  that  The  Glass  Doctor  makes,  repairs  are  under  warranty  for  up  to  3  years  (scratches 
excluded),  and  the  reported  rate  of  warranty  work  is  very  low. 

The  Glass  Doctor  operates  its  W/WS  repair  station  under  FAA  Air  Agency  Certificate 
OX4R430M.  A  copy  of  The  Glass  Doctor's  certificate  is  attached  in  Appendix  A. 

3.1.4  PPG  Industries,  Inc.  Aircraft  Products  Division 

PPG's  Aircraft  Products  Division,  located  in  Huntsville,  Alabama,  has  been  in  the 
aircraft  transparency  business  since  1926  and  is  an  OEM  supplier  for  B-52  W/WS,  as  well  as 
many  other  military,  commercial,  and  general  aviation  aircraft  W/WS.  The  Huntsville  plant  is 
America's  largest  and  most  modem  facility  for  producing  aircraft  transparencies.  It  fabricates 
W/WS  with  heat  strengthened  and  chemically  tempered  glasses,  as-cast  and  stretched  acrylics, 
and  polycarbonates  for  commercial,  military,  and  general  aviation  aircraft.  The  W/WS  repair 
services  that  PPG  offers  include  scratch  removal,  gasket  and  seal  rehabilitation,  relamination, 
upgrade  to  the  latest  revision,  and  replacement  of  broken  outer  plies  for  all  glass-faced  Boeing 
and  Douglas  W/WS  that  were  originally  manufactured  by  PPG.  PPG  warranties  the  revision 
level  upgrade  and  ply  replacement  for  36  months,  while  other  repairs  are  warranted  for  12 
months.  The  PPG  W/WS  repair  facility  has  been  in  operation  since  May  1994,  and  is  operated 
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under  FAA  Air  Agency  Certificate  IL4R262M.  A  copy  of  the  certificate  is  attached  in 
Appendix  A. 

3.1.5  Pilkington  Aerospace,  Inc. 

Pilkington  Aerospace  of  Garden  Grove,  California,  is  the  combined  organization  of 
Swedlow,  Inc.  and  Triplex  Aircraft  &  Special  Products  Limited,  operating  as  a  fully  owned 
subsidiary  of  Pilkington  pic.,  the  world's  largest  producer  of  glass  and  allied  products. 
Pilkington  is  an  OEM  for:  1)  Commercial  transport  aircraft  glass  frontal  W/WS,  plastic  and 
glass-plastic  composite  side  W/WS,  and  stretched  acrylic  cabin  W/WS,  2)  Military  aircraft 
W/WS  including  free-formed  stretched  acrylic  and  laminated  canopies,  as  well  as  transport 
aircraft  glass  front  W/WS,  and  3)  Commuter  and  rotary  wing  aircraft  stretched  acrylic,  glass- 
polycarbonate  laminate,  and  glass-PVB  laminate  W/WS.  Pilkington  is  authorized  to  repair 
W/WS  for  all  models  of  Boeing,  Douglas,  Airbus,  Saab,  Lockheed,  Fairchild,  and  British 
Aerospace  aircraft.  Repairs  include  scratch  removal,  relamination,  and  replacement  of  the 
front  ply  on  glass-laminate  W/WS.  Pilkington's  repair  facility  is  operated  under  FAA  Air 
Agency  Certificate  P9AR279J.  A  copy  of  Pilkington’s  FAA  certificate  is  included  in 
Appendix  A. 

3.2  Program  Prototype  Repair  W/WS 

The  B-52  has  13  cockpit  W/WS;  a  front  center  one  and  six  on  each  side  of  the  aircraft. 
The  #3  W/WS  on  each  side  of  the  B-52  can  slide  on  a  track.  Figure  3.3  shows  the  location 
and  numbering  scheme  for  the  B-52  W/WS.  All  B-52  W/WS  are  not  glass;  the  #6  W/WS  is 
made  of  stretched  acrylic  plastic.  Table  3.1  lists  the  current  glass  W/WS  part  numbers  for  the 
B-52. 

OC-ALC  supplied  118  B-52  W/WS  to  Battelle  by  having  them  removed  from  retired 
aircraft  at  AMARC.  The  W/WS  consisted  of  pilot-side  and  copilot-side  #1,  #2,  and  escape 
hatch  W/WS.  The  B-52  W/WS  were  not  removed  from  the  flight  line  for  cause.  Rather,  they 
were  taken  from  retired  aircraft  that  had  been  on  active  duty. 

After  the  B-52  W/WS  were  removed  from  the  aircraft  and  shipped  to  Battelle,  the  W/WS 
were  evaluated  to  see  if  they  were  suitable  for  repair.  In  spite  of  the  fact  that  the  W/WS  had 
not  been  removed  for  cause  and  were  on  previously  active  duty  aircraft,  67  of  the  W/WS  were 
found  to  be  out  of  specification  on  heater  or  sensor  resistance,  or  else  the  glass  was  chipped. 
The  unrepairable  W/WS  were  destroyed  and  the  remaining  51  formed  the  pool  from  which 
repair  candidates  were  selected. 

3.3  Vendor  Selection 

The  W/WS  repair  vendors  used  in  this  program  were  paid  for  their  services.  The  repairs 
were  made  at  the  vendors'  prevailing  commercial  rates,  with  vendors  selected  by  competitive 
bid.  Vendors  were  given  descriptions  of  the  condition  of  W/WS  to  be  repaired  and  then  asked 
to  give  rough  estimates  of  the  costs  to  repair  a  fixed  number  of  the  different  W/WS  on  the 
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B-52.  None  of  the  vendors  had  any  direct  experience  making  B-52  W/WS  repairs,  although 
they  work  with  similar  WAVS  in  their  commercial  business.  Repair  specifications  for  the  B-52 
W/WS,  provided  to  the  vendors  by  Battelle,  came  from  the  B-52  Technical  Order^^,  W/WS 
drawings^’"^^,  and  W/WS  OEM  design  specifications^*®’^^^ 

Quotations  for  repairing  B-52  W/WS  were  solicited  in  August  1994  from  NORDAM, 
Perkins,  The  Glass  Doctor,  PPG,  and  Pilkington.  Contracts  for  making  repairs  were 
negotiated  with  The  Glass  Doctor  and  PPG.  The  Glass  Doctor  and  PPG  were  each  sent  7  #1, 

7  #2,  and  3  escape  hatch  W/WS  for  repair.  From  the  W/WS  sent,  each  vendor  was  to  repair  4 
#1,  4  #2,  and  2  escape  hatch  W/WS,  as  mutually  selected  by  Battelle  and  the  vendor.  PPG 
repaired  the  contracted  number.  The  Glass  Doctor  repaired  all  of  the  W/WS  sent  to  them  (17) 
for  the  contracted  price  of  10. 

3.4  Prototype  Repairs 

Tables  3.2  through  3.4  provide  the  details  of  the  condition  of  the  B-52  W/WS  and  the 
subsequent  repairs  that  were  made  to  them.  In  the  list,  two  items  are  worthy  of  special 
mention.  First,  The  Glass  Doctor  made  delamination  repairs  on  the  W/WS  by  injecting  clear 
adhesive  into  the  W/WS.  Second,  on  one  #1  and  one  #2  W/WS,  The  Glass  Doctor  did  a 
sensor  replacement.  The  service  history  of  the  prototype  repair  candidates  is  not  known 
because:  1)  very  few  of  the  W/WS  had  airframe  numbers,  2)  the  Air  Force  does  not  track 
W/WS  by  serial  number,  and  3)  planes  are  moved  from  location  to  location  as  a  part  of  normal 
squadron  rotation.  In  most  instances,  the  date  of  removal  from  service  was  not  noted.  The 
installation  date  is  not  known  for  any  of  the  W/WS.  All  that  is  known  for  certain  is  the  year 
the  W/WS  was  made;  the  first  one  or  two  digits  of  the  serial  number  indicate  the  year  the 
W/WS  was  made  -  a  single  digit  is  a  1970's  vintage  W/WS. 


4.0  REPAIRED  W/WS  STRUCTURAL  INTEGRITY  TESTING 


4.1  Test  Philosophy 

The  fitness  for  purpose  of  the  repaired  B-52  W/WS  was  evaluated  using  a  rigorous  test 
program.  In  formulating  the  test  program,  the  plan  was  to  select  a  set  of  tests  that  would 
assess  the  critical  performance  elements  of  the  W/WS:  general  fitness-for-purpose 
characteristics,  pressure  integrity,  and  impact  resistance.  By  suitable  selection  of  test 
parameters,  the  goal  was  to  gather  data  to  establish  whether  or  not  repaired  W/WS  perform  as 
well  as  new  W/WS. 

4.2  Test  Plan 

The  test  plan  was  developed  as  a  joint  effort  between  Battelle,  OC-ALC,  and  the  Flight 
Dynamics  Laboratory  at  Wright-Patterson  AFB.  The  primary  reference  for  the  test  plan  was 
the  testing  done  previously  on  C/KC-135  W/WS^'^  A  secondary  source  of  information  used  to 
formulate  the  test  plan  was  the  B-52  W/WS  drawings  and  design/test  specifications. 

Upon  reviewing  the  available  B-52  W/WS  information,  it  became  clear  that  the  B-52  W/WS 
design  predates  specification  of  anything  but  pressure  load  integrity.  Thus,  the  B-52 
specifications  were  only  of  limited  value.  The  test  plan,  therefore,  was  developed  from  the 
C/KC-135  test  experience  and  the  open  literature  on  W/WS  testin^^^'^^. 

In  order  to  assess  whether  the  performance  of  the  repaired  W/WS  is  satisfactory,  a 
standard  for  comparison  must  be  defined.  Obviously,  the  performance  of  new  W/WS  should 
be  the  basis  for  the  comparison.  Simply  stated,  the  repaired  W/WS  should,  ideally,  perform 
just  like  new  W/WS.  In  the  best  situation,  information  for  new  W/WS  would  be  available  to 
define  the  required  tests  for  the  repaired  W/WS  and  the  existing  new  W/WS  data  would  form 
the  basis  for  the  comparisons.  The  information  available  from  Boeing  and  OC-ALC  suggested 
that  data  on  prior  B-52  W/WS  testing  was  sparse  or  very  difficult  to  retrieve,  so  the  scope  of 
the  testing  program  had  to  include  tests  of  new  W/WS  to  generate  the  baseline  new  W/WS 
performance  data.  In  addition,  because  of  uncertainty  in  setting  some  of  the  parameters  for  the 
tests  (load  levels,  primarily),  the  test  program  included  a  methodology  phase  verification  to 
establish  that  the  new  W/WS  would  pass  the  tests.  Although  testing  of  new  W/WS  was 
primarily  a  response  to  the  lack  of  readily  available  new  W/WS  test  data,  it  does  facilitate  the 
process  of  making  the  comparisons  because  both  new  and  repaired  W/WS  were  tested  under 
absolutely  identical  conditions. 

Appendix  B  is  a  copy  of  the  test  plan.  The  test  plan  incorporates  all  of  the  relevant 
W/WS  test  information  gleaned  from  the  B-52  Tech  Orders,  W/WS  specification  documents, 
and  W/WS  drawings.  Knowledge  gained  during  the  C/KC-135  W/WS  testingf*^  factored 
heavily  in  the  design  of  the  test  plan.  The  test  plan  was  submitted  to  and  approved  by  OC- 
ALC. 

Three  major  types  of  tests  were  conducted  on  the  repaired  prototype  W/WS  and  the 
companion  new  W/WS: 
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•  A  thorough  visual/electrical/optical  inspection 

•  Pressure/thermal  cycles 

•  Impact  testing. 

The  repaired  prototypes  and  new  W/WS  were  all  given  the  inspections  and  then  a  fraction  of 
the  WAVS  was  subjected  to  each  of  the  other  two  types  of  tests. 

4.3  Testing  Subcontractor 

The  testing  was  conducted  at  PPG  Industries,  Inc.  Aircraft  Products  Division  in 
Huntsville,  Alabama,  based  on  a  competitive  bid.  PPG  has  been  in  the  aircraft  transparency 
business  since  1926  and  is  an  OEM  supplier  for  B-52  W/WS.  As  a  leader  in  the  field  of 
aircraft  transparency  technology,  PPG  has  built  an  impressive  W/WS  qualification  testing 
facility.  PPG’s  capabilities  include  bird  impact  testing,  environmental  testing,  high  strain  rate 
material  evaluation,  dynamic  deflection  analysis  with  high  speed  photography,  dynamic  stress 
analysis  with  strain  gages,  and  ballistic  testing  for  transparent  armor.  In  performing  the  tests 
for  this  program,  PPG  used  the  same  test  fixtures,  test  procedures,  and  QA  requirements  in  use 
today  to  make  new  W/WS  for  B-52's.  These  capabilities  at  a  single  site,  coupled  with  their 
intimate  knowledge  of  the  B-52  W/WS  proved  valuable  to  this  program. 

PPG  conducted  the  testing  in  accordance  with  the  test  plan.  As  a  quality  assurance 
activity,  the  testing  was  monitored  by  visits  to  the  test  facility  by  Battelle  staff.  No  indication 
was  ever  detected  that  PPG  attempted  to  influence  the  outcome  of  any  of  the  tests  for  their  own 
gain  (PPG  is  an  OEM  supplier  of  B-52  W/WS).  All  work  was  done  to  the  highest  professional 
standards  using  instrumentation  calibrated  in  accordance  with  PPG  Quality  Control  procedures. 

4.4  General  Inspections 

General  electrical/optical/mechanical  testing  of  repaired  W/WS  was  performed  to  ensure 
that  each  W/WS  is  in  specification  electrically,  that  the  repair  operations  have  not  adversely 
affected  optical  qualities,  and  that  the  fit  and  finish  is  correct. 

All  of  the  W/WS  tested  in  this  program  were  initially  given  a  thorough  14-item 
inspection  by  the  PPG  Quality  Control  Department.  The  inspection  included: 

1)  Locating  and  recording  the  customer  part  number 

2)  Locating  and  recording  the  W/WS  serial  number 

3)  General  visual  inspection 

4)  Gasket/seal  evaluation 
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5)  Thickness  measurements  at  prescribed  locations 

6)  Physical  tolerance  check 

7)  Bus-to-bus  resistance 

8)  Sensing  element  resistance 

9)  Electrical  insulation  integrity  test 

10)  Heater  operation  test 

11)  Heating  film  scratch  test 

12)  Luminous  transmittance  and  haze  measurement 

13)  Optical  deviation  measurement 

14)  Optical  distortion  photograph. 

With  little  exception,  the  indication  of  which  W/WS  were  new,  repaired,  or  unrepaired  was 
difficult  to  determine  from  a  superficial  visual  examination.  Only  a  detailed  technical 
examination,  equivalent  to  an  OEM  post-production  quality  control  check,  was  able  to  uncover 
differences  between  the  WAVS. 

4.4.1  General  Visual  Examination 

A  visual  examination  was  performed  on  each  W/WS  to  assess  its  general  condition. 
During  this  inspection,  the  part  number  and  serial  number  were  located  and  recorded,  the 
W/WS  was  checked  for  delaminations  and  vinyl  cracks,  and  the  condition  of  the  seal  was 
evaluated. 

4.4.2  W/WS  Dimensional  Measurements 

The  repair  of  delaminations  may  involve  re-autoclaving  of  the  W/WS  to  rebond  the  vinyl 
inner  layer  to  the  glass.  Because  the  vinyl  layer  is  pressed  at  an  elevated  temperature  and 
consequently  may  flow,  the  overall  thickness  of  the  W/WS  may  be  reduced  and  the  location  of 
power/sensor  terminals  and  bolt  holes  may  shift.  In  addition,  the  vinyl  may  creep  from 
installation  clamping  pressure/elevated  ambient  temperature. 

To  determine  if  the  thickness  the  W/WS  meets  specifications,  total  thickness  of  the 
W/WS  was  measured  at  selected  locations  in  the  viewing  area.  A  12-point  grid  was  used  for 
all  WAVS. 
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During  the  testing  of  C/KC-135  W/WS^'^  it  was  noticed  that  the  mounting  edge 
thickness  of  some  of  the  old  W/WS  was  significantly  less  than  the  thickness  of  the  new  W/WS. 
This,  in  fact,  caused  some  problems  in  mounting  the  W/WS  in  test  fixtures.  The  root  cause 
for  the  reduced  thickness  was  vinyl  thickness  reduction.  Because  the  vinyl  is  the  only 
structural  element  that  carries  load  into  the  airframe  in  a  bird  impact,  thinning  of  the  vinyl 
could  be  considered  a  serious  structural  deficiency.  Based  on  the  experience  with  the  C/KC- 
135  W/WS,  W/WS  edge  thickness  measurements  were  included  in  the  B-52  W/WS  inspection 
protocol:  The  frame  thickness  was  measured  at  8  locations  around  the  frame. 

A  physical  tolerance  check  was  made  on  the  W/WS  to  see  if  critical  dimensions, 
including  proper  fit  dimensions,  location  of  electrical  connections,  and  bolt  hole  locations,  had 
been  changed  by  the  repairs.  Each  W/WS  was  checked  using  check  fixtures  used  in  the 
original  manufacture  of  these  W/WS. 

4.4.3  Basic  Electrical  Measurements 

Electrical  resistance  measurements  were  made  using  the  standard  electrical  resistance 
measurement  function  on  a  digital  multimeter  to  determine  if  the  heaters  and  sensors  were 
within  acceptable  tolerances.  As  applicable,  both  bus-to-bus  resistance  and  sensor  resistance 
were  measured. 

Electrical  insulation  integrity  was  checked  using  a  Hipotronics  300  Series  Hipot  and 
Megohmmeter  at  2500  volts  A.C.  As  applicable,  insulation  integrity  was  checked  between  the 
power  bus  and  the  sensor  element  and  sensor  element  to  the  metal  frame. 

4.4.4  Heater  Operation  Tests 

Sensor  operation  and  heating  uniformity  were  evaluated  by  infrared  imaging.  In  this 
test,  the  W/WS  was  powered  with  60  Hertz  power  at  a  voltage  appropriate  to  the  W/WS  heater 
resistance.  During  the  power  up,  the  ability  of  the  W/WS  sensor  to  regulate  the  temperature 
was  established.  When  thermal  equilibrium  was  attained,  an  infrared  imaging  system  was  used 
to  make  a  photograph  of  the  thermal  contours  on  the  glass. 

To  supplement  the  thermal  imaging  heater  test,  a  scratch  test  of  the  heater  film  was 
performed.  In  this  test,  the  heater  is  powered  up  and  the  W/WS  is  viewed  using  polarized 
light.  Although  the  vinyl  core  ply  of  the  W/WS  is  birefringent,  scratches  in  the  heater  film 
show  up  dramatically  as  black-gray  starbursts. 

4.4.5  Optical  Performance 

The  optical  performance  of  each  W/WS  was  assessed  in  three  ways;  a  haze  and  luminous 
transmittance  test,  an  optical  deviation  measurement,  and  an  optical  distortion  test. 

Haze  and  luminous  transmittance  measurements  were  performed  in  accordance  with 
ASTM  D-1003-92^“l  The  luminous  transmittance  test  measures  how  transparent  a  body  is, 
and  is  the  ratio  of  the  light  transmitted  through  a  body  to  the  light  incident  upon  it.  The  haze 
test  measures  the  cloudy  appearance  of  an  otherwise  transparent  specimen  caused  by  light 
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scattered  from  within  the  specimen  or  from  its  surfaces.  Haze  and  luminous  transmittance 
measurements  will  detect  whether  the  repair  processes  have  adversely  affected  the  clarity 
and/or  coloring  of  the  vinyl  and  whether  the  glass  surfaces  have  been  adequately  polished. 

Optical  deviation  measures  the  flatness  of  a  transparency.  In  the  case  of  a  repaired 
W/WS,  grinding,  polishing,  and/or  uneven  pressing  to  remove  delaminations  may  cause  the 
front  and  back  surfaces  of  the  W/WS  to  deviate  from  a  parallel  condition,  causing  images  to  be 
deformed.  An  autocollimator  measures  the  flatness  of  a  transparency  using  the  distance 
between  the  front  surface  reflection  of  a  normally  directed  beam  of  light  and  the  light  reflected 
from  the  back  surface  of  the  transparency  to  calculate  the  angular  deviation  from  parallel. 
Measurements  are  given  in  terms  of  minutes  of  angular  arc.  Optical  deviation  was  measured 
using  MIL-G-25871B  Paragraph  4.4.6.2.1^*®^  and  ASTM  F  SOl-SS^^"*'  as  references  at  12 
locations  on  the  W/WS.  The  measurement  locations  were  principally  around  the  edges  of  the 
W/WS  where  deviation  is  expected  to  be  most  severe  in  a  repaired  W/WS. 

Optical  distortion  was  assessed  using  MIL-G-25871B  Paragraph  4.4. 6. 3^**'  and  ASTM  F 
733-90^“^  as  references.  The  distortion  was  determined  by  a  single-exposure  photograph  of  a 
grid  viewed  through  the  W/WS.  Photographs  were  made  with  the  W/WS  parallel  to  the  grid 
board.  Deviation  of  the  grid  board  lines  in  the  viewing  area  from  parallel  indicate  distortion. 
The  unit  of  measure  for  deviation  is  the  ratio  of  x  lines  horizontal  to  y  lines  vertical  (or  vice 
versa)  for  lines  that  are  not  parallel.  A  distortion  of  greater  than  1  part  in  40  is  essentially  no 
distortion. 

4.4.6  General  Inspection  Results 

Tables  4.1  through  4.15  summarize  the  results  of  the  general  inspections.  In  a  number 
of  areas,  the  repaired  W/WS  are  the  equivalent  of  new  W/WS  -  dimensional  fit,  most  optical 
properties,  and  heater  operation.  There  are,  however,  some  troublesome  areas  -  scratches, 
unremoved  delaminations,  some  insulation  integrity  faults,  and  a  few  out  of  specification 
heater  resistances  that  suggest  that  the  repaired  W/WS  are  not  quite  up  to  OEM  standards  for  a 
new  W/WS.  As  indicated,  most  of  the  general  inspection  tests  had  an  accept/reject  criterion. 
For  the  heater  tests,  and  optical  distortion,  there  are  no  established  criteria.  For  optical 
deviation,  a  W/WS  was  rated  as  reject  if  its  deviation  was  noticeably  greater  than  the  new 
W/WS.  Figures  4.1  through  4.3  show  the  worst  optical  distortion  found  during  the 
inspections.  Appendix  C  contains  the  data  sheets  for  the  general  inspections. 

4.5  Pressure  Integrity 

Pressure  integrity  was  evaluated  with  a  three-step  sequence.  The  first  step  was  a  proof 
pressure  test.  Samples  which  passed  the  proof  pressure  test  then  went  on  to  a  cyclic  pressure 
durability  test.  Finally,  samples  which  passed  the  cyclic  durability  test  were  proof  pressure 
tested  again. 
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4.5.1  Proof  Pressure  Test 


This  test  was  performed  as  an  initial  acceptance  and  final  test  on  all  pressure  integrity 
test  articles.  The  test  candidates  were  mounted  in  a  test  fixture  and  pressurized  at  1.0  psi  per 
minute  up  to  a  maximum  pressure  of  18.6  psi.  The  maximum  pressure  was  held  for  15 
minutes  and  then  released  at  a  1.0  psi  per  minute  rate.  The  test  was  conducted  at  ambient 
temperature.  At  completion  of  the  test,  the  W/WS  were  inspected  for  delamination  and 
electrical  resistance. 

4.5.2  Cyclic  Durability  Test 

This  test  was  performed  on  all  WAVS  that  passed  the  initial  proof  pressure  test.  The  test 
was  conducted  with  an  outward-acting  constant  amplitude  cyclic  pressure  varying  from  zero  to 
a  specified  maximum  pressure  at  a  specified  rate.  Both  inboard  and  outboard  environmental 
conditions  were  specified.  The  cyclic  pressure  was  to  be  applied  until  failure  was  observed  or 
run  out,  with  run  out  determined  by  the  OEM  W/WS  design  qualification  specifications. 

Tables  4.16  and  4.17  summarize  the  cyclic  durability  test  conditions. 

Marking  of  delaminations  on  the  surface  of  the  outer  ply  and  then  photographing  the 
W/WS  served  to  document  any  visual  damage  to  the  W/WS.  Mode  of  failure  and  a  photograph 
of  the  failed  test  article  were  to  be  used  to  document  specimens  that  did  not  survive  this  test. 

4.5.3  Pressure  Test  Facility 

The  test  facility  for  conducting  the  pressure  integrity  testing  utilized  PPG's 
Environmental  Qualification  Test  Facility.  This  facility  has  three  walk-in  environmentally 
controlled  chambers  that  can  be  used  to  expose  transparencies  to  temperatures  as  low  as  -100  F 
and  as  high  as  -1-185  F.  Pressure  chambers  with  mounting  flanges  for  transparencies  fit  into 
the  wall  of  the  environmental  chambers  to  permit  simultaneous  pressure  and  temperature 
control,  per  Figure  4.4.  Internal  heating  and  cooling  capacity,  as  well  as  small  fans  inside  the 
pressure  chambers  ensure  that  the  transparency  inboard  conditions  can  be  maintained, 
independent  of  the  outboard  conditions. 

The  pressure  integrity  test  W/WS  were  mounted  in  simulated  frames  made  from 
aluminum  or  Steel  plates.  The  rationale  for  using  simulated  frames  was;  1)  less  expensive  than 
using  an  actual  fuselage  section,  and  2)  a  simulated  frame  could  be  made  much  stiffer  than  the 
sheet  metal  fuselage  section  and  thus  would  maximize  potentially  damaging  deformation  in  the 
W/WS.  The  W/WS  were  bolted  to  the  simulated  frames  using  hardware  equivalent  to  that 
used  in  the  actual  aircraft  W/WS  installation  kits.  Figure  4.5  shows  a  typical  set-up  for  a 
pressure  integrity  test. 

4.5.4  Test  Results 

The  results  of  the  pressure  integrity  testing  are  presented  in  Tables  4.18  through  4.20. 
None  of  the  W/WS,  repaired  or  new,  exhibited  any  catastrophic  failures.  Some  of  the  repaired 
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WAVS  did  experience  delaminations,  and  evidence  of  delamination  was  detected  in  the  new  B- 
52  W/WS,  The  worst  delamination  in  the  B-52  W/WS  is  shown  in  Figures  4.6  through  4.8. 

In  these  figures,  the  edge  of  the  delamination  has  been  outlined  with  a  black  marker.  None  of 
the  WAVS  exhibited  delamination  that  would  cause  the  pilot  to  be  unable  to  see  through  the 
WAVS. 

4.6  Bird  Impact  Testing 

The  bird  impact  testing  on  #1  and  #2  W/WS  was  conducted  using  ASTM  F330-89f“^  as  a 
model.  The  W/WS  were  mounted  in  a  simulated  frame  placed  at  the  correct  inclination  and 
sweepback  angles  for  level  flight  and  impacted  with  a  real  4-pound  bird  in  the  center  of  the 
W/WS.  The  B-52  W/WS  were  impacted  at  a  range  of  velocities  from  200  to  400  knots. 
Testing  was  done  at  room  temperamre,  performing  a  single  shot  on  each  W/WS.  A  spall  sheet 
was  placed  behind  the  W/WS. 

Simulated  frames  were  used  in  the  bird  impact  tests  which  were  similar  to  the  ones  used 
in  the  pressure  integrity  tests.  The  rationale  for  using  simulated  frames  was  the  same  as  in  the 
case  of  the  pressure  integrity  tests.  Mounting  hardware  and  installation  procedures  were 
consistent  with  the  applicable  B-52  Tech  Orders. 

Bird  weight,  high  speed  film  of  the  impact,  impact  velocity,  pre-  and  post-test 
photographs,  a  record  of  the  disposition  of  the  spall  sheet,  and  written  comments  from  a  post¬ 
test  examination  of  the  W/WS  documented  each  test. 

4.6.1  Test  Facility 

PPG's  bird  impact  test  facility  is  one  of  the  most  advanced  in  the  world,  capable  of 
shooting  one  to  eight  pound  birds  at  impact  velocities  from  30  to  750  knots,  depending  on  the 
bird  weight.  The  pneumatic  cannon  has  a  40-foot  long  barrel  with  a  nominal  10-inch  diameter. 
A  pressurized  reservoir  provides  compressed  air  to  propel  a  metal  can,  called  a  sabot, 
containing  the  bird  to  the  target.  When  the  sabot  reaches  the  end  of  the  barrel  after  firing,  it  is 
collected  by  a  stripper  and  spring  system  that  absorbs  the  sabot's  kinetic  energy.  As  the  bird 
continues  to  the  target,  approximately  10  feet  away,  it  passes  through  a  timing  trap  system  to 
measure  its  velocity.  Figure  4.9  shows  a  schematic  of  the  important  elements  of  the  bird 
cannon. 

The  velocity  of  the  bird  at  impact  is  a  calibrated  function  of  the  air  pressure  pushing  the 
sabot  down  the  barrel.  A  dual  rupture  diaphragm  system  fires  the  gun.  Assuming  that 
Diaphragms  1  and  2  in  Figure  4.9  are  rated  to  burst  at  Pb  psi  and  that  test  pressure,  P„  is 
greater  than  Pb  but  less  than  2Pb,  putting  ViPi  in  the  Step  Chamber  keeps  both  diaphragms  from 
bursting.  Opening  the  Solenoid  Exhaust  Valve  vents  the  Step  Chamber  to  atmosphere  and 
causes  Diaphragms  1  and  2  to  burst  almost  simultaneously  applying  test  pressure  in  the 
reservoir  to  the  sabot. 

A  massive  frame  support  system,  adjustable  for  inclination  angles  from  25  to  85  degrees 
was  used  to  hold  the  simulated  W/WS  frame.  Figure  4.10  shows  the  support  frame  with  a  #1 
C/KC-135  W/WS  mounted,  ready  for  testing.  To  ensure  that  the  test  article  is  in  its  proper 
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position,  the  impact  point  is  identified  with  a  helium/neon  laser  centered  in  the  end  of  the 
barrel.  Installation  angles  were  measured  with  a  precision  clinometer.  Figure  4.11  shows  a 
view  of  the  set  up  for  a  typical  bird  impact  test. 

4.6.2  Bird  Impact  Test  Results 

A  summary  of  the  bird  impact  test  results  is  presented  in  Tables  4.21  and  4.22.  A 
gradation  in  impact  damage  for  B-52  #1  and  #2  W/WS  is  shown  in  Figures  4.12  to  4.17. 

Other  W/WS  with  similar  damage  look  about  the  same  as  these  figures. 

The  initial  part  of  the  B-52  W/WS  bird  impact  testing  was  dedicated  to  finding  a  suitable 
test  velocity.  The  original  goal  was  to  be  able  to  test  at  400  knots.  This  proved  to  be  a  higher 
velocity  than  the  B-52  W/WS  could  withstand.  Evenmally,  a  300  knot  velocity  was  selected 
for  the  #2  W/WS  and  250  knots  for  the  #l  W/WS.  (The  #2  W/WS  can  sustain  a  higher 
velocity  impact  because  it  has  both  a  sweepback  and  installation  angle,  i.e.,  the  net  angle  of 
incidence  of  the  bird  is  lower  in  the  #2  W/WS). 

PPG’s  data  sheets  for  the  bird  impacts  are  attached  in  Appendix  D. 

4.7  Summary 

From  the  data  presented,  the  obvious  conclusion  is  that  used  W/WS  do  not  perform  as 
well  as  new  W/WS.  Although  trends  are  difficult  to  identify  in  the  data  because  there  always 
seem  to  be  exceptions  and  because  the  data  base  is  so  small,  the  performance  of  W/WS  that 
have  been  in  service,  whether  repaired  or  not,  is  below  that  of  new  W/WS. 

In  a  number  of  categories,  the  repaired  W/WS  were  the  equal  of  new  W/WS: 
dimensional  fit,  most  optical  properties,  and  heater  performance.  In  other  cases,  they  were 
not:  residual  delamination,  delamination  during  pressure  cycling,  scratches,  and  poorer 
performance  in  the  bird  impact  testing.  Some  of  the  issues,  such  as  scratches  and  residual 
delamination,  can  easily  be  rectified.  The  delamination  during  pressure  cycling  is  merely 
annoying  because  it  is  an  impaired  vision  issue  that  would  develop  over  time  and  is  not  a 
serious  structural  failure.  ^ 

The  B-52  W/WS  bird  impact  tests  showed  some  alarming  results.  First,  the  target  400 
knot  impact  velocity  could  not  be  reached.  If  there  are  B-52  missions  that  call  for  low-level 
high-speed  flight  above  250  knots,  there  is  a  risk  of  a  bird  impact  catastrophically  failing  a 
W/WS  and  perhaps  initiating  a  crash.  Second,  one  of  the  repaired  W/WS  failed 
catastrophically  at  the  test  velocity.  This  either  suggests  that  the  velocity  to  be  bird  impact 
“safe”  using  repaired  W/WS  is  lower  than  the  test  velocity  or  else  there  is  a  higher  bird  impact 
damage  risk  when  using  repaired  W/WS.  Third,  there  is  a  large  amount  of  scatter  in  the  data 
which  does  not  lend  itself  to  generalization  of  the  results. 
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5.0  COST  ANALYSIS 


The  second  element  in  the  evaluation  of  the  feasibility  of  using  repaired  WAVS  in  Air 
Force  fleet  aircraft  is  a  cost  analysis.  The  commercial  fleet  has  a  very  favorable  cost  benefit 
using  repaired  W/WS.  If  using  WAVS  is  to  be  a  viable  option  for  the  Air  Force,  the  costs  for 
making  the  repairs  have  to  be  justifiably  less  than  the  cost  of  a  new  W/WS. 

5.1  Repair  Costs 

During  initial  contacts  with  NORDAM,  Perkins,  PPG,  and  The  Glass  Doctor  and  prior 
to  contracting  for  any  repairs,  an  estimate  was  solicited  for  repairing  small  numbers  of  #1,  #2, 
and  escape  hatch  B-52  W/WS.  Based  on  the  estimates,  two  vendors  were  selected  to  make 
repairs,  PPG  and  The  Glass  Doctor.  Table  5.1  summarizes  the  estimated  repair  costs  for  the 
W/WS  as  well  as  the  actual  prices  that  were  paid. 

5.2  Costs  of  New  W/WS 

OC-ALC  provided  costs  for  new  B-52  W/WS.  The  data  in  Table  5.2  is  the  Air  Force 
purchase  price  as  of  January  1994. 

5.3  Cost  Comparison 

The  cost  for  making  the  prototype  repairs  on  the  B-52  W/WS  was  from  one  half  to  one 
third  of  the  cost  of  a  new  W/WS  using  the  actual  repair  costs  as  the  basis.  Using  the  highest 
estimated  repair  cost,  a  repaired  W/WS  costs  approximately  75-percent  of  the  cost  of  a  new 
W/WS. 
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6.0  CONCLUSIONS,  DISCUSSION,  AND  RECOMMENDATIONS 


6.1  Conclusions 

The  Air  Force,  in  an  effort  to  reduce  fleet  maintenance  costs,  is  considering  the 
possibility  of  using  repaired  W/WS.  Prior  to  adopting  such  an  operating  policy,  however,  the 
Air  Force  decided  that  a  systematic  evaluation  was  required  to  ensure  that  repaired  WAVS  are 
safe  and  that  they  provide  a  reasonable  cost  savings  benefit.  Based  on  the  reported  cost 
savings  and  favorable  experience  that  commercial  fleets  have  had  with  repaired  W/WS,  the  use 
of  repaired  W/WS  seems  very  attractive. 

The  approach  followed  for  evaluating  whether  the  use  of  repaired  W/WS  is  a  viable 
option  for  the  Air  Force  was  to  procure  some  used  W/WS,  make  repairs  on  them,  and  then 
subject  the  repaired  W/WS  to  a  series  of  tests  to  determine  the  difference  in  performance  when 
compared  with  new  W/WS.  The  cost  to  make  the  repairs  provides  the  data  for  the  cost  benefit 
analysis.  The  test  results  provide  the  data  for  an  evaluation  of  fitness  for  purpose  of  the 
repaired  W/WS. 

The  test  results  indicate  that  repaired  W/WS  are  not  equal  to  new  W/WS.  Many  of  the 
repaired  W/WS  still  contain  defects  that  would  not  pass  an  OEM  quality  assurance  inspection. 
None  of  the  W/WS,  new  or  repaired,  exhibited  any  dramatic  differences  in  pressure  integrity. 
Some  delamination  occurred  in  the  repaired  W/WS  during  pressure  cycling,  but  it  was  not 
severe.  Delamination  also  occurred  in  new  W/WS.  The  bird  impact  test  results  are  quite  clear 
-  the  new  W/WS  outperform  either  repaired  or  unrepaired  W/WS,  with  one  repaired  W/WS 
failing  catastrophically. 

Cost-wise,  the  direct  cost  of  repaired  W/WS  is  less  than  half  the  cost  of  new  W/WS. 
Thus,  money  can  be  saved  by  using  repaired  W/WS.  There  are  other  costs  which  must  be 
considered  which  will  reduce  the  cost  advantage  of  repaired  W/WS:  transportation  costs, 
warehousing  of  removed  W/WS,  and  administering  the  repair  program  (procurement,  QA 
inspections,  etc.).  Even  considering  these  factors,  however,  repaired  W/WS  will  likely  still 
show  a  cost  advantage. 

6.2  Recommendations 

The  performance  of  the  B-52  W/WS  is  troublesome  in  a  number  of  respects.  First,  none 
of  the  W/WS  tested  in  this  program  was  removed  for  cause.  Assuming  that  repairing  a  W/WS 
does  not  damage  it,  one  would  hope  that  W/WS  that  came  off  of  operational  aircraft  and  that 
were  only  just  polished  would  be  reasonably  similar  in  performance  to  new  W/WS.  In  fact 
they  are  not  -  many  of  the  W/WS  in  the  as-received  condition  did  not  meet  resistance 
specifications  and  one  of  the  repaired  W/WS  failed  catastrophically  in  a  bird  impact  test  that  a 
new  W/WS  passed.  Second,  the  achievable  test  velocity  for  the  bird  impacts  was  well  below 
the  initial  target  of  400  knots.  This  suggests  that  there  is  a  risk  that  in  a  high-speed,  low- 
altitude  mission,  a  bird  impact  could  result  in  loss  of  a  plane.  It  is  unlikely  that  even  a  new 
W/WS  could  sustain  a  400-knot  impact  without  bird  penetration.  Third,  there  is  a  rather  large 
amount  of  scatter  in  the  test  data  -  repaired  W/WS  do  not  always  perform  better  than 
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unrepaired  WAVS  and  older  WAVS  are  not  necessarily  worse  than  newer  W/WS.  On  average, 
however,  new  W/WS  are  better  than  repaired  or  unrepaired  W/WS. 

Having  established  that  repaired  W/WS  are  not  equal  to  new  W/WS,  the  question  that 
needs  to  be  addressed  is  whether  or  not  the  repaired  W/WS  are  "good  enough."  The 
replacement  criteria  in  the  B-52  W/WS  Tech  Orders,  are  founded  on  two  major  principles: 

1)  A  W/WS  that  has  any  condition  that  impairs  visibility  must  be  replaced 

2)  The  W/WS  heater  must  function  properly. 

A  number  of  specific  inspection  items,  subordinate  to  these  principles,  provide  additional 
criterion  for  W/WS  replacement.  According  to  the  prevailing  Tech  Order  inspection  criteria, 
none  of  the  repaired  W/WS  would  have  been  removed  for  cause  from  service.  The  fact  that 
they  were  removed  and  were  subsequently  restored  to  a  condition  better  than  the  W/WS 
replacement  criterion  suggests  that  they  would  nominally  be  considered  "good  enough. "  The 
repair  vendors  do  not  claim  that  they  can  restore  a  W/WS  to  a  brand  new  condition.  Rather, 
they  indicate  that  the  repairs  they  perform  return  the  W/WS  to  a  fully  acceptable  and  functional 
condition. 

In  terms  of  performance,  the  most  demanding  test  is  the  bird  impact  and  the  evidence 
suggests  that  the  bird  impacts  done  for  this  program  represent  the  first-ever  B-52  W/WS  bird 
impact  tests.  Using  the  criteria  set  forth  in  MIL-W-81752A^*®^  ,  Paragraph  3.7.2  specifies  that 
the  W/WS  should  be  able  to  sustain  a  4-pound  bird  impact  at  maximum  achievable  operational 
true  airspeed  in  level  flight  at  up  to  5000  feet  altimde  without  any  spall.  This  is  substantially 
the  same  requirement  for  commercial  fleet  W/WS  set  forth  in  by  the  FAA  for  commercial 
aircraft  W/WS^^^^  Because  the  B-52  has  a  cruising  speed  of  approximately  450  knots  and  a 
low  altitude  penetration  speed  of  approximately  350  knots^^’^,  most  of  the  repaired  W/WS  fail 
the  no  spall  criterion. 

Faced  with  the  poor  performance  of  the  repaired  W/WS  in  the  bird  impact  tests,  it  is 
difficult  to  recommend  the  use  of  repaired  B-52  W/WS.  In  a  broader  context,  one  could 
question  the  adequacy  of  the  design  in  the  light  of  current  W/WS  performance  standards.  In 
addition,  there  is  some  concern  that  W/WS  on  aircraft  in  the  active  B-52  fleet  may  need  some 
attention.  The  high  fraction  of  W/WS  that  were  removed  from  deactivated  aircraft  that  do  not 
meet  resistance  specifications  suggests  that  the  W/WS  in  active  aircraft  probably  are  also 
degraded.  Although  it  may  not  presently  be  a  problem,  such  degradation  may  affect  the 
availability  of  aircraft  in  critical  situations. 

These  comments  notwithstanding,  reconunendations  can  be  made  as  a  result  of  the  work 
done  in  this  study. 

If,  in  the  opinion  of  the  Air  Force,  the  performance  of  repaired  W/WS  is  deemed  "good 
enough:" 

1)  The  repairs  done  by  PPG  and  the  Glass  Doctor  are  similar  in  performance,  and 
restore  a  W/WS  to  a  condition  that  exceeds  the  removal  for  cause  criteria. 
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2)  Based  on  the  results  of  this  study,  the  repair  processes  that  were  used  and  found 
not  to  degrade  the  performance  of  the  W/WS: 

a)  Relaminating  using  autoclave  processes  involving  application  of  heat  and 
pressure 

b)  Grinding  and  polishing  of  the  external  surfaces  of  the  glass 

c)  Seal/bumper  maintenance 

d)  Minor  clean-up  of  electrical  terminals 

e)  Delamination  repair  involving  injection  of  adhesives  or  filling  with 
transparent  polymerizable  resins 

f)  Sensor  replacement  by  potting  with  transparent  resins. 

3)  Repair  processes  that  probably  would  not  be  detrimental,  but  that  were  not  tested; 

a)  Busbar  repair  using  injection  of  conductive  adhesives.  (This  is  virtually 
identical  to  delamination  by  adhesive  injection.) 

4)  Repair  processes  that  were  not  tested  and  therefore  cannot  be  endorsed: 
a)  Complete  front  ply  replacement. 

5)  If  repaired  W/WS  are  to  be  used,  a  formal  Air  Force  quality  assurance  (Q/A) 
program  should  be  instituted  to  set  forth  requirements  for  the  repair  vendors.  This 
will  eliminate  the  annoying,  but  easily  corrected,  problems  found  during 
inspections.  In  addition,  this  Q/A  program  should  also  be  charged  with 
performing  an  incoming  inspection  of  W/WS  coming  back  from  the  repair 
vendors. 

6)  Should  repaired  W/WS  be  used,  a  policy  that  prevents  a  W/WS  from  undergoing 
more  than  one  repair  cycle  should  be  instituted.  The  contractual  requirements  for 
the  repair  vendors  should  stipulate  that  all  repaired  W/WS  must  be  permanently 
marked  to  identify  that  they  have  been  repaired  and  by  whom.  No  data  have  been 
collected  to  support  the  use  of  re-repaired  W/WS. 

It  is  important  to  emphasize  that  all  of  the  recommendations  offered  above  are  contingent  on 
the  Air  Force  deciding  that  the  performance  of  the  repaired  W/WS  is  adequate. 

6.3  Discussion 

In  reviewing  the  test  data,  the  question  of  why  one  W/WS  should  perform  better  or 
worse  than  another  in  a  structural  test  was  considered.  Four  possible  causes  were  identified: 
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Vinyl  degradation  -  Vinyl,  being  a  plastic  is  subject  to  UV  degradation  and  general 
aging  due  to  loss  of  plasticizer.  As  a  result  of  the  aging,  the  vinyl  may  become 
brittle  and  crack,  thus  reducing  its  load  carrying  capacity  in  the  laminate.  The 
vinyl  could  also  be  preferentially  squeezed  from  the  edge  of  the  W/WS  during  a 
relaminating  repair  process  or  in  service.  Because  the  vinyl  is  the  only  structural 
ply  that  carries  the  load  into  the  W/WS  frame  for  a  bird  impact,  if  this  occurred, 
the  load  capacity  of  the  W/WS  would  be  degraded. 

Grinding/polishing  of  the  glass  -  The  B-52  W/WS  use  heat-strengthened  glass.  In 
producing  this  type  of  glass,  the  ply  is  heated  to  near  its  softening  point  and  then 
quenched  to  introduce  compressive  residual  stresses  in  the  surface  layers.  Tensile 
stresses  inside  the  glass  exist  to  equilibrate  the  compressive  surface  stresses. 
Because  glass  only  fails  due  to  tensile  stresses  at  the  surface,  the  residual 
compressive  stresses  must  be  overcome  to  initiate  a  failure.  Grinding  and 
polishing  remove  some  of  the  beneficial  compressive  stresses,  and  hence,  the 
overall  strength  of  the  glass  ply  is  reduced.  Removal  of  the  highest  compressive 
stress  layer,  however,  must  be  balanced  against  removal  of  flaws.  In  concert  with 
the  obvious  effect  of  removal  of  the  highest  compressive  stress  layer,  as  far  as 
flaw  tolerance  goes,  the  surface  may  also  not  be  as  smooth  after 
grinding/polishing.  Smoother  surfaces  have  less  flaws  and  a  profoundly  higher 
strength'^®^ 

Stress  corrosion  cracking  of  the  glass  -  The  surface  of  glass  contains  many 
microscopic  cracks  and  fissures,  and  under  a  sustained  load,  the  presence  of 
moisture  exacerbates  the  growth  of  these  cracks^^^'^^^  Generally,  water  vapor  in 
the  air  is  sufficient  to  cause  the  degradation.  Elevated  temperarnres  and  longer 
exposures  accelerate  the  stress  corrosion  cracking  effect.  Although  there  is  no 
direct  evidence  that  aircraft  W/WS  degrade  dramatically  from  this  phenomenon, 
the  fact  that  the  W/WS  are  highly  stressed  due  to  thermal  and  pressure  loading, 
they  are  exposed  to  atmospheric  moisture,  they  are  routinely  heated  in  a  high 
stress  state,  and  that  old  W/WS  performed  below  new  W/WS  in  the  structural  tests 
suggests  that  there  may  be  more  than  a  casual  cause-effect  relationship. 

Fatigue  -  Glass  exhibits  a  complex  load  rate-cyclic  loading  behavior.  Under  a 
constant  maximum  load,  no  effect  of  cyclic  loading  is  observed,  but  under 
increasing  maximum  load,  cyclic  loading  reduces  the  strengthf^^’^'*^  The  net  effect 
for  a  W/WS  undergoing  repeated  pressure  cycles  is  not  clear,  but  it  seems 
plausible  that  some  amount  of  micro-crack  propagation  occurs. 
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There  is  no  conclusive  evidence  that  the  results  of  this  test  program  can  be  directly  attributed 
to  any  of  the  mechanisms  described  above.  However,  it  does  not  seem  unreasonable  to  suggest 
that  they  might.  As  far  as  the  implications  for  use  of  repaired  WAVS,  vinyl  degradation,  stress 
corrosion  cracking,  and  fatigue  affect  both  repaired  and  unrepaired  W/WS.  Only  repaired 
W/WS  would  seem  to  be  susceptible  to  the  grinding/polishing  degradation  mechanism. 
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Figure  2.1  B-52  WAVS  General  Construction 


30 


Tension,  1000  psi  Compression,  1000  psi 
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Figure  2.2  Heat  Strengthened  Glass  Residual  Stresses 


3] 


Figure  3.3  B-52  WAVS  Identification 
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Distortion  (S/N  94-050-HO-241) 


Figure  4.2  Worst  B-52  #2  W/WS  Optical  Distortion  (S/N  l-H-11-2-571) 


Figure  4.3  Worst  B-52  Escape  Hatch  Optical  Distortion  (S/N  84-H-11-19-090) 


Process  control  and 
data  acquisition  computer 


Figure  4.4  WA¥S  Pressure  Test  Facility 
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Figure  4.5  Typical  Set-up  for  a  W/WS  Pressure/Thermal  Cyclic  Test 


Delamination 


Figure  4.7  Worst  B-52  #2  WAVS  Delamination  (S/N  7-H-11-03-53) 
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Figure  4.8  Worst  B-52  Escape  Hatch  Delamination  (S/N  84-H-11-19-090) 


Figure  4.9  Schematic  of  PPG  Bird  Cannon 


t  Test  Set  Up  Showing  Impact  Velocity  Timing  Trap  (right),  High-Speed  Film  Equipment  (center) 
and  W/WS  Support  Frame  (left) 


Figure  4.13  B-52  #1  W/WS  Showing  Outboard  Ply  Failure  From  a  4-Pound  Bird  Impact  at  212  knots  (S/N  86-H-03-03-298  ) 
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Figure  4.15  B-52  #2  W/WS  Showing  No  Damage  From  a  4-Pound  Bird  Impact  at  309  knots  (S/N  92- 


Damage  (Complete  Transparency  Failure)  From  a  4-Pound  Bird  Impact  at  403 


LIM 


1560-00-738-2714  FG 

10-30347-7 

1560-00-512-0731  FG 

10-30347-1 

1560-00-512-0732  FG 

10-30347-2 

1560-00-533-1797  FG 

10-30347-3 

1560-00-612-2865  FG 

10-30347-4 

1560-00-512-0735  FG 

10-30347-5 

1560-00-055-6758  FG 

10-30347-6 

1560-00-626-2995  FG 

10-1389-37 

1560-00-630-4218  FG 

10-1657-19 

1560-00-652-2833  FG 

10-1657-20 

#1  Center 


#2  Pilot 


#3  Pilot 


#5  Pilot 


Table  3.2  B-52  #1  WAVS  Repairs 


Repair 

Vendor 


Vendor  Damage 
Comments 


Vendor  Repair  Comments 


7-H-1-28-92 


83-H-3-21-110 


86-H-03-03-298 


86-H-04-28-693 


87-H-l  1-02-614 


89-116-HO-366 


89-216-HO-298 


83-H-3-21-109 


87-H-l  1-02-396 


89-H-137-HO-152 


92-288-HO-631 


The  Glass 
Doctor 


bad  bumper/seal,  surface 
scratches,  clean 


bad  seal/bumper, 
delamination,  clean 


bad  seal/bumper,  clean 


bad  seal/bumper,  surface 
scratches  (grind  &  polish 
required),  clean 


delamination,  polish,  seals 


delamination,  polish,  seals 


delamination,  polish,  seals 


delamination,  replacement 
sensor,  polish,  seals 


delamination,  polish,  seals 


delamination,  polish,  seals 


delamination,  polish,  seals 


remove  scratches,  repair 
bumper,  clean  and  inspect 


repair  bumper,  clean  and 
inspect 


repair  bumper,  clean  and 
inspect 


distortion  O.K.,  repair 
bumper,  clean  and  inspect 


5-H-3-20-17 


7-H-l  1-03-53 


8-H- 11-20-277 


8-H-l  1-20-436 


85-H-07-15-044 


86-H-07- 14-260 


91-277-HO-574 


1-H-l  1-2-571 


5-H-3-04-09 


86-H-05- 12-588 


88-H-06-27-021 


The  Glass 
Doctor 


delamination,  bad 
bumper/seal,  surface 
scratches, 


bad  seal/bumper,  surface 
scratches,  clean 


bad  bumper/seal,  clean 


surface  scratches,  rubs,  clean 


delamination,  polish,  seals 


delamination,  polish,  seals 


delamination,  polish,  seals 


delamination,  polish,  seals 


delamination,  replacement 
sensor,  polish,  seals 


delamination,  polish,  seals 


delamination,  polish,  seals 


polish,  polishing 
distortion,  repair  bumper 
clean  and  inspect 


polish,  distortion  OK, 
repair  bumper,  clean  and 
inspect 


repair  bumper,  clean  and 
inspect 


polish,  polishing 
distortion,  repair  bumper, 
clean  and  inspect 


84- H-l  1-19-090  The  Glass 

85- H-02-18-621  Doctor 

87-H-05-04-554 


88-H-09-19-253  *G 


bad  seal,  clean 


bad  seal,  surface  scratches,  clean 


delamination,  polish,  seals 


delamination,  polish,  seals 


delamination,  polish,  seals 


distortion,  clean  retainer 


polish,  polishing 
distortion,  clean  retainer 


Table  4.1  B-52  #1  WAVS  General  Examination  Test  Results 

(acc= acceptable,  REJ=reject) 


S/N 


7-H-1-28-92 


83-H-3-21-110 


86-H-03-03-298 


86-H-04-28-693 


87-H-l  1-02-614 


89-116-HO-366 


89-216-HO-298 


83-H-3-21-109 


87-H-l  1-02-396 


89-H-137-HO-152 


92-288-HO-631 


9-H-l  1-19-503 


86-H-3-17-221 


87-H-l  1-30-749 


94-034-HO-742 


94-050-HO-241 


e 


reoaired 


reoaired 


renaired 


reoaired 


reoaired 


reoaired 


reoaired 


reoaired 


reoaired 


reoaired 


reoaired 


not  reoaired 


not  reoaired 


not  reoaired 


new 


new 


Visual 

Examination 


acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

'  acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

REJ 

acc 

REJ 

acc 

REJ 

acc 

acc 

acc 

acc 

acc 

Comments 


l,3be 


2 


3be 


2,3bce 


l,2,3abd 


2 


3abf 


2,3ab 


3ae 


Key  to  Comments 

1  -  air  in  slip  plane 

2  -  air  in  sensor  element 

3  -  scratches 

4  -  electrical  connector 

chipped 


a  -  center 
b  -  peripheral 
c  -  light 
d  -  numerous 
e  -  few 

f  -  very  numerous 


acc 

0.806 

0.835 

acc 

0.832 

0.864 

acc 

0.803 

0.858 

acc 

0.843 

0.888 

acc 

0.860 

acc 

0.813 

0.873 

acc 

0.854 

0.883 

acc 

0.827 

0.849 

acc 

0.816 

0.857 

acc 

0.836 

0.856 

acc 

0.852 

0.883 

acc 

0.804 

acc 

0.842 

0.860 

acc 

0.808 

0.838 

acc 

0.871 

0.890 

acc 

0.853 

0.877 

7-H-1-28-92 


83-H-3-21-110 


86-H-03-03-298 


86-H-04-28-693 


87-H-l  1-02-614 


89-116-HO-366 


89-216-HO-298 


83-H-3-21-109 


87-H-l  1-02-396 


89-H-137-HO-152 


92-288-HO-631 


9-H-l  1-19-503 


86-H-3-17-221 


87-H-l  1-30-749 


94-034-HO-742 


94-050-HO-241 


not  repaired 


Table  4.3  B-52  §2  W/WS  General  Examination  Test  Results 

(acc = acceptable ,  REJ = rej  ect) 


S/N 


5-H-3-20-17 


7-H-l  1-03-53 


8-H-l  1-20-277 


8-H-l  1-20-436(4?) 


85-H-07-15-044 


86-H-07-14-260 


91-277-HO-574 


1-H-l  1-2-571 


5-H-3-04-09 


86-H-05-12-588 


88-H-06-27-021 


1-H-l  1-2-572 


84-H-6-4-131 


86-H-l  1-17-342 


92-199-HO-417 


92-199-HO-423 


Visual 

e 

Examination 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

REJ 

acc 

REJ 

acc 

REJ 

acc 

acc 

acc 

acc 

Comments 


l,3abc 


l,3be 


l,3be 


l,3abe 


3bd 


3be 


2,3b3 


l,3be 


3b 


3abe 


2,3abf 


2,3abf 


l,3abf 


reoaired 


reoaired 


reoaired 


reoaired 


reoaired 


reoaired 


reoaired 


reoaired 


reoaired 


reoaired 


reoaired 


not  reoaired 


not  reoaired 


not  reoaired 


new 


new 


Key  to  Comments 

1  -  air  in  slip  plane 

a  -  center 

2  -  air  in  sensor  element 

b  -  peripheral 

3  -  scratches 

c  -  light 

4  -  electrical  connector 

d  -  numerous 

chipped 

e  -  few 

f  -  very  numerous 

(acc= acceptable,  REJ= reject) 


Table  4.5  B-52  Escape  Hatch  WAVS  General  Examination  Test  Results 
(acc = acceptable ,  REJ = rej  ect) 


S/N 


84-H-l  1-19-090 


85-H-02-18-621 


87-H-05-04-554 


88-H-09-19-253 


92-100-HO-683 


94-208-HO-581 


94-294-HO-504 


Type 


Visual 

Examination 


REJ 

acc 

REJ 

acc 

REJ 

acc 

REJ 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

Comments 


4 


3be 


3be 


3bce 


Key  to  Comments 

1  -  air  in  slip  plane 

2  -  air  in  sensor  element 

3  -  scratches 

4  -  electrical  connector 

chipped 


a  -  center 
b  -  peripheral 
c  -  light 
d  -  numerous 
e  -  few 

f  -  very  numerous 


Table  4.6  B-52  Escape  Hatch  WAVS  Dimensional  Measurements  Test  Results 

(acc = acceptable ,  REJ = reject) 


Dimensional 

Check 


Edge  Thickness 


84-H-l  1-19-090 

acc 

0.780 

0.835 

85-H-02-18-621 

acc 

0.820 

0.832 

87-H-05-04-554 

acc 

0.790 

0.840 

88-H-09-19-253 

acc 

0.832 

92-100-HO-683 

acc 

0.842 

0.852 

94-208-HO-581 

new 

acc 

0.822 

0.868 

94-294-HO-504 

new 

acc 

0.832 

0.861 

(acc = acceptable ,  REJ = reject) 


Table  4.8  B-52  #2  WAVS  Basic  Electrical  Measurements  Test  Results 
(acc = acceptable ,  REJ = rej  ect) 


Sensor 


Insulation  Integrit 


bus-to-  sensor-to- 


S/N 


5-H-3-20-17 


7-H-l  1-03-53 


8-H-l  1-20-277 


8-H-l  1-20-436(4?) 


85-H-07-15-044 


86-H-07-14-260 


91-277-HO-574 


1-H-l  1-2-571 


5-H-3-04-09 


86-H-05-12-588 


88-H-06-27-021 


1-H-l  1-2-572 


84-H-6-4-131 


86-H-l  1-17-342 


92-199-HO-417 


92-199-HO-423 


e 


renaired 


renaired 


renaired 


renaired 


renaired 


renaired 


renaired 


renaired 


renaired 


renaired 


renaired 


not  renaired 


not  renaired 


not  renaired 


new 


new 


acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

Table  4.9  B-52  Escape  Hatch  WAVS  Basic  Electrical  Measurements  Test  Results 

(acc = acceptable,  REJ=reject) 


S/N 


84-H-l  1-19-090 


85-H-02-18-621 


87-H-05-04-554 


88-H-09-19-253 


92-100-HO-683 


94-208-HO-581 


94-294-HO-504 


Bus 

e 

Resistance 

renaired 


renaired 


renaired 


renaned 


renaired 


new 


new 


I 


S/N 


7-H-1-28-92 


83-H-3-21-110 


86-H-03-03-298 


86-H-04-28-693 


87-H-l  1-02-614 


89-116-HO-366 


89-216-HO-298 


83-H-3-21-109 


87-H-l  1-02-396 


89-H-137-HO-152 


92-288-HO-631 


9-H-l  1-19-503 


86-H-3-17-221 


87-H-l  1-30-749 


94-034-HO-742 


94-050-HO-241 


not  re 


92-104°  F 

1  MT 

no 

1 : i 

acc 

92-108°  F 

no 

acc 

92-106°  F 

no 

acc 

92-112°  F 

acc 

96-106°  F 

no 

acc 

92-106°  F 

no 

acc 

94-106°  F 

no 

acc 

94-108°  F 

no 

acc 

94-104°  F 

no 

acc 

94-104°  F 

no 

acc 

92-108°  F 

no 

acc 

94-108°  F 

no 

REJ 

94-106°  F 

no 

REJ 

94-104°  F 

no 

acc 

94-106°  F 

no 

acc 

94-106°  F 

no 

acc 

Table  4.11  B-52  #2  W/WS  Heater  Operation  Test  Results 
(acc = acceptable ,  REJ = rej  ect) 


S/N 


5-H-3-20-17 


7-H-11-03-53 


8-H-l  1-20-277 


8-H-l  1-20-436(4?) 


85-H-07-15-044 


86-H-07-14-260 


91-277-HO-574 


1-H-l  1-2-571 


5.H-3-04-09 


86-H-05-12-588 


88-H-06-27-021 


1-H-l  1-2-572 


84-H-6-4-131 


86-H-l  1-17-342 


92-199-HO-417 


92-199-HO-423 


e 


reoaired 


reoaired 


reoaired 


reoaired 


reoaired 


reoaired 


reoaired 


reoaired 


reoaired 


reoaired 


reoaired 


not  reoaired 


not  reoaired 


not  reoaired 


new 


new 


Heater  Film 
Scratch  Test 


84-103°  F 

no 

acc 

84-105°  F 

no 

acc 

84-105°  F 

no 

no  test 

84-105°  F 

no 

acc 

84-105°  F 

no 

acc 

84-103°  F 

no 

acc 

84-97°  F 

no 

acc 

84-103°  F 

no 

acc 

84-103°  F 

no 

acc 

84-103°  F 

no 

acc 

84-107°  F 

no 

acc 

84-112°  F 

YES 

acc 

84-112°  F 

YES 

acc 

84-105°  F 

no 

acc 

84-99°  F 

no 

acc 

84-99°  F 

no 

acc 

Table  4.12  B-52  Escape  Hatch  WAVS  Heater  Operation  Test  Results 

(acc = acceptable,  REJ = reject) 


S/N 


84-H-l  1-19-090 


85-H-02-18-621 


87-H-05-04-554 


88-H-09-19-253 


92-100-HO-683 


94-208-HO-581 


94-294-HO-504 


e 


reoaired 


reoaired 


reoaired 


reoaired 


reoaued 


new 


Heater 

Oneration 


92-104°  F 


94-104°  F 


94-104°  F 


94-104°  F 


94-106°  F 


94-106°  F 


94-108°  F 


Hot/Cold  I  Heater  Film 
Scratch  Test 


new 


no 


acc 


Table  4,13  B-52  #1  WAVS  Optical  Performance  Test  Results 
(acc= acceptable,  REJ= reject) 


S/N 

IHli 

7-H-1-28-92 

acc 

acc 

REJ 

none/none 

83-H-3-21-110 

acc 

acc 

acc 

none/none 

86-H-03-03-298 

acc 

acc 

acc 

none/* 

86-H-04-28-693 

acc 

acc 

acc 

none/none 

87-H-l  1-02-614 

acc 

acc 

acc 

none/none 

89-116-HO-366 

acc 

acc 

acc 

none/none 

89-216-HO-298 

repaired 

acc 

acc 

acc 

none/none 

83-H-3-21-109 

acc 

acc 

acc 

none/* 

87-H-l  1-02-396 

acc 

acc 

acc 

none/none 

89-H-137-HO-152 

BfiiniW 

acc 

acc 

none/none 

92-288-HO-631 

acc 

acc 

acc 

none/none 

9-H-l  1-19-503 

not  repaired 

acc 

acc 

REJ 

none/* 

86-H-3-17-221 

acc 

acc 

REJ 

none/none 

87-H-l  1-30-749 

not  repaired 

acc 

acc 

REJ 

none/none 

94-034-HO-742 

new 

acc 

acc 

acc 

none/none 

94-050-HO-241 

new 

acc 

acc 

acc 

none/* 

*  small  2-  to  3-inch  by  1-inch  area  from  polishing  operation 
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Table  4.14  B-52  #2  W/WS  Optical  Performance  Test  Results 
(acc = acceptable ,  REJ = reject) 


S/N 


5-H-3-20-17 


7-H-l  1-03-53 


8-H-l  1-20-277 


8-H-l  1-20-436(4?) 


85-H-07-15-044 


86-H-07-14-260 


91-277-HO-574 


1-H-l  1-2-571 


5-H-3-04-09 


86-H-05-12-588 


88-H-06-27-021 


1-H-l  1-2-572 


84-H-6-4-131 


86-H-l  1-17-342 


92-199-HO-417 


92-199-HO-423 


Transmittance 

Haze 

Deviation 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

acc 

Distortion 

center/edee 


none/none 


none/none 


none/none 


none/none 


none/* 


none/* 


none/* 


none/1 :6 


none/none 


none/* 


none/* 


none/* 


none/* 


none/none 


none/* 


none/* 


renaired 


renaired 


renaned 


renaired 


repaired 


renaired 


renaired 


renaired 


renaired 


repaired 


renaired 


not  repaired 


new 


new 


*  small  2-  to  3-inch  by  1-inch  area  from  polishing  operation 


Table  4.15  B-52  Escape  Hatch  W/WS  Optical  Performance  Test  Results 

(acc = acceptable ,  REJ = rej  ect) 


S/N 


84-H-l  1-19-090 


85-H-02-18-621 


87-H-05-04-554 


88-H-09-19-253 


92-100-HO-683 


94-208-HO-581 


94-294-HO-504 


e 


renaned 


repaired 


renaired 


repaired 


renaired 


new 


lOUS 

ttance 


Haze 


acc 


acc 


acc 


acc 


acc 


acc 


Deviation 


acc 


acc 


acc 


acc 


acc 


acc 


none/1: 3 


none/1: 10 


none/1: 12 


none/1 :22 


none/1: 13 


none/1: 13 


none/1: 18 


new 


acc 


acc 


acc 


421 


Table  4.17  Cyclic  Pressure  Integrity  Testing  Schedule  for  B-52  Escape  Hatch  W/WS 


92-199-HO-417 


new 


passed 


delamination  <  2"'  long  on 
top  and  center  post  areas 


passed 


Table  4.20  B-52  Escape  Hatch  Pressure  Integrity  Test  Results 


S/N 

Type 

Initial  Proof 
Pressure 
Test 

Damage  from  Pressure 
Cycling 

Final  Proof 
Pressure 
Test 

84-H-l  1-19-090 

repaired 

passed 

delamination  along  all 
edges,  >3"  at  thermal 
switch  location 

passed 

87-H-05-04-554 

iiiiiiiiiimyin 

no  apparent  damage 

88-H-09-19-253 

repaired 

passed 

delamination  along  all 
edges 

passed 

92-100-HO-683 

no  apparent  damage 

94-294-HO-504 

new 

no  apparent  damage 

69 


Table  4.22  B-52  #2  W/WS  Bird  Impact  Test  Results 


2 

Escape  Hatch 


$2,455 

$2,046 


$1,300 

$752 


$1,300  &  $1,427 
$1,200  &  $752 


*  Based  on  Extremes  of  Estimates  from  NORDAM,  Perkins  Aircraft  Services,  The 
Glass  Doctor,  and  PPG  Industries. 


Table  5.2  B-52  New  W/WS  Costs 


1  — - - 

#1  Center 

1560-00-738-2714  EG 

10-30347-7 

$2,710.68 

#2  Pilot 

1560-00-512-0731  EG 

10-30347-1 

$3,308.00 

#2  Copilot 

1560-00-512-0732  EG 

10-30347-2 

#3  Pilot 

1560-00-533-1797  EG 

10-30347-3 

$2,  099.64 

1560-00-612-2865  EG 

10-30347-4 

#4  Pilot 

1560-00-512-0735  EG 

10-30347-5 

$1,762.13 

1560-00-055-6758  EG 

10-30347-6 

$2,379.26 

#5  Pilot 

1560-00-626-2995  EG 

10-1389-37 

$1,725.15 

Escape  Hatch  Pilot  |  1560-00-630-4218  EG 


10-1657-19 


10-1657-20 


$2,691.33 

$2,866.10 


J 


APPENDIX  A 
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DEPARTMENT  Ol"  TRANSi^OI-i  I  A  I  ION 

FEDERAL  AVIATION  ADMINISTRATION 


^gencp  Certificate 


■e^  EZ22812K 


NORDAM  TRANSPARANCIES  DIVISION 

510  S.  LANSING 
TULSA,  OKLAHOMA  74120 

^/yvdona'  ^  xvl/^  /yeAfvec^ 


/y^/coCoTt^'  j£o'  /A/C'  jeA^^ccAlciA^^^  xon/ 

/o' REPAIR  station 

x//tA/  /A^ ^X/owi^i^  yycc/cm^': 

LIMITED  -  SPECIALIZED  SERVICE 


^//uA'  XiO'y/^xya/^,  xx/ttA&id^' xxz/XLCoAe</ 
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rAA  Form  eOOG-<  <1~67)  SUPERSEDES  FAA  FORM  390. 


UNITED  STATES  OF  AMERICA 

department  of  transportation 
federal  aviation  administration 


^£i/ntUcUio^  : 

^oUoiBin^  : 


ZZ22812K 


■TMTTED  rating  : 


Specialized  Service 


Transparency  inspection  .  - '“Fn^ring 

accordance  with  Aircarrier  engineering 

orders,  O.E.K  Manuais,  and  hn  OiO.  301. 


QicU^  ' 


Tnly  3^  199^. 
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UNITED  STATES  OF  AMERICA 

DEPARTMENT  OF  TRANSPORTATION 
FEDERAL  AVIATION  ADMINISTRATION 


Mir  ^g:enc|>  Certificate 


JKQR257L 
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PERKINS  AIRCRAFT  SERVICES,  INC. 
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/^ZAzU' Axm/i/ncce' zn,' indefinitely. 


jU4MecA  : 

May  2,  1991 


Kenneth  D •  Robinson 
Acting  Manager  /  ir’TW  rsuu 


"Ois  Ctrtiliratt  is  not  ICransftrablf,  and  any  major  change  in  the  basic  faciuhes,  or  in  the  location  thereof, 
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Hcpair 
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S^!i^  iJKQR2  57L 

LIMITED  RATINGS : 


jU'  j  47/9^  A/vrUCectr  j£<y 


SPECIALIZED  SERVICE 


Repair  of  aircraft  windows, 
transparent  enclosures,  structural 
and  non-structural  composite  panels, 
cores,  flaps,  ailerons  and  radomes. 


Above  repairs  will  be  performed  in 
accordance  with  aircraft  manufacturer  s 
repair  procedures,  air  carrier  approved 
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Services,  Inc.  ,  Process  Specification 
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atr  ^gencp  Certificate 


P9AR279J 
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APPENDIX  B 
B-52  WAVS  TEST  PLAN 


B-1 


MASTER  TEST  PLAN/PROGRAM  TEST  PLAN 


Data  Item  A046 


DEVELOPMENT  OF  REPAIR  PROCESSES  AND  SOURCES  FOR 
B-52  AIRCRAFT  WINDOWSAVINDSHIELDS 

to 

TINKER  AIR  FORCE  BASE 
Oklahoma  City,  OK 

July  13, 1994 

by 

R.  Olson 


BalteUe 


.  .  .  Putting  Technology  To  Work 


MASTER  TEST  PLAN/PROGRAM  TEST  PLAN 

on 

DEVELOPMENT  OF  REPAIR  PROCESSES  AND  SOURCES  FOR 
B-52  AIRCRAFT  WINDOWSAVINDSHIELDS 

to 

TINKER  AIR  FORCE  BASE 
from 

BATTELLE 
July  13, 1994 


1.0  INTRODUCTION 


The  following  tests  have  been  designed  to  establish  that  the  structural  integrity  of  repaired 
B-52  aircraft  windows/windshields  (WAVS)  is  adequate  to  ensure  safety  and  reliability.  The 
repaired  WAVS  shall  be  repaired  by  two  FAA  certified  repair  stations  using  FAA-approved 
methods.  The  repairs  performed  on  the  prototype  WAVS  are  the  exact  repairs  currently 
performed  on  similar  commercial  WAVS.  A  Defects  Catalog  has  been  prepared  as  part  of  this 
program  which  documents  the  prototype  identification  information  and  the  type  of  damage 
observed  at  the  time  of  selection.  The  test  procedures,  for  the  most  part,  are  consistent  with  the 
original  design  specifications  for  the  WAVS. 


2.0  APPLICABT.E  DOCUMENTS 


The  documents  listed  in  this  section  are  used  to  establish  the  technical  requirements  and 
test  procedures. 

B-52  Technical  Orders 

1B-52G-4,  Section  n  Group  Assembly  Parts  List 

1B-52B-2-2,  Section  XI  Fuselage  Windows 
1B-52G-2-2JG-10 


1B-52G-2-2MS-1 


Fuselage  Windows 

Maintenance  of  the  Fuselage  Windows 
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B-52  WAVS  Design  Specifications 

10-30347  Windshield  Assembly  Pilot  and  Copilot  (#1  &  #2  WAVS) 

DlO-1657  B-52  Specification  for  Window  Assembly  Electrically 

Heated  (Escape  Hatch  WAVS) 

10-1675  Specification  for  Sensing  Element  Windshield  Temperature 


B-52  WAVS  Drawings 

35-18786 

35-18783 

10-1657 


Dimension  &  Arrangement  Requirements,  Windshield 
Assy,  No  1 

Dimension  and  Arrangement  Requirements,  Windshield 
Assy,  No  2  LH  &  RH 

Window  Assembly  Electrically  Heated  (Escape  Hatch 
WAVS) 


General  Specifications 

ASTM  F  330-89 
ASTM  D  1003-92 
MIL-G-25871B 


Bird  Impact  Test  Specification 

Haze  and  Luminous  Transmittance  Specification 

Glass,  Laminated,  Aircraft  Glazing 


3.0  TEST  PROGRAM  CONSIDERATIONS 


3.1  Window  Failure  Criteria 


The  following  criteria  will  be  used  to  identify  failure  for  the  test  prototypes  as  tested  per 
applicable  Structural  Integrity  tests.  Any  failure  of  the  WAVS  to  maintain  structural  integrity  is 
considered  a  failure.  Additional  failure  criteria  are  discussed  in  the  specific  test,  as  applicable. 
Non-compliant  test  results  for  nonstructural  parameters  will  be  noted,  but  will  not  disqualify  the 
prototype  from  further  structural  testing. 

Inner/Outer  Glass  Pane: 

•  cracks  or  delaminations  of  any  kind 

•  anything  that  impairs  visibility 

Middle  Vinyl  Core: 
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®  cracks  of  any  kind 

®  bubbles 

®  discoloring 

•  anything  that  impairs  visibility 

Nonstructural 

®  damaged  bus  bar 

®  cracks  in  vinyl  or  rubber  bumper 

*  hot  spots  or  uneven  heating 

®  low  or  no  heat  output. 


3.2  Te.st  Sample  Selection  and  Sources 


Four  sources  of  test  WAVS  will  be  used  in  this  program: 

®  new 

®  repair  vendor  #  1 

®  repair  vendor  #  2 

®  unrepaired. 

These  sources  will  supply  to  the  test  program  a  set  of  WAVS  consisting  of  the  following: 


Number  of  Prototypes 


Type  of  WAVS^  j 

Repair  Vendor 

New  WAVS 

Unrepaired 

#1 

4 

2 

up  to  5 

#2 

4 

2 

up  to  5 

Escape  Hatch 

2 

2 

0 

10  total  per  vendor 

20  total  for  program 

6  total 

up  to  10  total 

3.3  Test  Plan  Design 


The  testing  protocol  for  this  program  is  presented  in  Figure  1 .  The  test  plan  will  be 
validated  with  new  WAVS.  As  appropriate,  unrepaired  WAVS  will  be  used  to  pre-qualify  some 
of  the  test  procedures.  Modifications  to  the  test  plan  will  be  made  in  this  phase  to  correct  any 
testing  problems  encountered.  An  acceptable  test  protocol  once  established  will  then  be  applied 
without  modification  to  the  repaired  prototypes.  Within  the  constraints  of  the  available  repaired 
prototypes,  the  program  will  test  each  type  of  repair.  Any  development  activities  required  to 
apply  a  given  test  protocol  to  this  program  will  be  completed  in  this  phase. 
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The  repaired  WAVS  will  be  subjected  to  the  tests  defined  in  the  validated  test  plan.  The 
prototypes  will  be  selected  randomly  within  the  same  type  of  WAVS  to  ensure  unbiased  testing. 
The  test  data  developed  with  the  new  WAVS  will  form  the  performance  baseline  the  repaired 
WAVS  will  be  compared  with  in  the  final  test  report. 

At  the  conclusion  of  this  test  program,  the  WAVS  prototypes  will  be  functionally 
destroyed.  Therefore,  photographic  and  video  documentation  of  the  test  results  will  be  made 
throughout  the  program. 

Figures  1  and  2  detail  the  test  plan.  Figure  1  shows  the  overall  test  plan.  Figure  2  details 
the  specific  test  schedule  sequence. 


4.0  TEST  PROTOCOLS 


4.1  General  In.spection 


All  WAVS  used  in  this  program,  new,  repaired,  and  unrepaired,  will  undergo  a  thorough 
general  inspection.  Included  in  the  inspection  will  be  a  visual  physical  condition  examination,  an 
electrical  performance  evaluation,  an  optical  performance  check,  and  a  dimensional  check. 


4.1.1  Physical  Condition 

The  physical  condition  of  the  WAVS  will  be  evaluated  using  a  visual  inspection.  Items  to 
be  evaluated  during  the  inspection  include: 

•  evidence  of  delamination 

•  vinyl  cracks 

•  presence  of  scratches 

•  seal  condition 

•  bumper  condition 

•  electrical  connector  condition. 

The  physical  condition  will  be  documented  with  inspector  notes,  sketches,  and  photographs. 


4.1.2  Electrical  Performance 


The  resistance  and  insulation  integrity  of  all  WAVS  will  be  evaluated  against  applicable 
Air  Force  Tech  Orders  and  Specifications.  Bus-to-bus  resistance  and  sensor  resistance,  as 
applicable,  will  be  measured  using  standard  VOM  techniques  and  will  be  compared  to  original 
specifications.  Electrical  insulation  integrity  will  be  tested  using  2500  at  60  Hz  between  the 
bus  and  the  sensor,  and  the  bus  and  metal  insert. 
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WAVS  that  meet  resistance  and  insulation  integrity  specifications  will  have  their  heaters 
tested.  A  standard  B-52  power  supply  or  equivalent  with  the  appropriate  transformer  taps  will  be 
used  to  power  up  windows  simulating  normal  operation.  Infrared  imaging  by  video,  non-contact 
thermometry,  and  still  photography  will  be  used  to  document  heater  performance.  Sensor 
operation  will  be  evaluated  based  on  its  ability  to  properly  regulate  heater  operation.  Applicable 
Tech  Orders  and  Specifications  will  be  used  to  evaluate  heater  performance. 


4.1.3  Optical  Performance 


The  optical  performance  of  the  WAVS  will  be  assessed  by  measuring  haze  and 
transmittance,  optical  distortion,  and  optical  deviation.  Haze  and  transmittance  measurements 
will  be  made  at  the  center  of  the  WAVS  in  accordance  with  ASTM  D  1003-92.  Optical  distortion 
will  be  assessed  using  a  single  exposure  photograph  of  the  WAVS  against  a  grid  board 
background.  Optical  deviation  will  be  measured  at  12  locations  on  each  WAVS  in  accordance 
with  MIL-G-25871B  paragraph  4.4.6.2  or  equivalent. 


4.1.4  Dimensional  Tolerances 


Physical  dimensions  of  the  WAVS  will  be  measured  and  compared  to  Air  Force  supplied 
allowable  tolerances.  The  purpose  of  this  inspection  is  to  develop  data  to  determine  if  changes  to 
the  WAVS  caused  by  the  repair  processes  impact  the  usability  and  fitness  of  the  repaired  WAVS 
for  use  by  the  Air  Force.  The  critical  dimensions  therefore  include  proper  mounting  frame  fit 
dimensions,  location  of  electrical  connections,  thickness  of  the  assembly,  and  thickness  at  the 
edges  of  the  WAVS.  To  facilitate  the  thickness  measurements,  a  template  with  12  locations  for 
measuring  the  assembly  thickness  will  be  supplied.  Eight  locations  will  be  identified  for  edge 
thickness  measurements.  Standard  physical  measuring  devices  will  be  used  to  make  the  required 
measurements. 


4.2  Pressure  Integrity 


4.2.1  General 


The  pressure  integrity  of  the  WAVS  prototypes  will  be  evaluated  by  applying  sequential 
pressure  tests.  The  following  tests  will  be  performed  on  prototypes  of  the  #1,  #2,  and  escape 
hatch  WAVS.  The  first  test  is  a  non-disabled  proof  pressure  test.  A  non-disabled  test  specimen 
is  a  WAVS  which  has  not  purposely  been  broken  prior  to  the  test.  Samples  which  pass  will 
undergo  cyclic  durability  testing.  Finally,  samples  which  pass  the  cyclic  durability  test  will  again 
be  exposed  to  a  non-disabled  proof  pressure  test.  Details  of  the  test  protocols  are  described  in  the 
following  sections.  The  incoming  WAVS  will  be  installed  in  the  test  fixture  and  will  be 
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sequentially  tested  without  removal  or  refixturing,  if  the  mounting  integrity  shows  no 
degradation  between  tests. 

The  number  and  type  of  WAVS  to  be  pressure  integrity  tested  are  as  follows: 


Type  of 
WAVS 

Total 

WAVS 

Unrepaired 

Vendor  #1 

Vendor  #2 

New  WAVS 

#1 

5 

0 

2 

2 

1 

#2 

5 

0 

2 

2 

1 

Escape  Hatch 

5 

0 

2 

2 

1 

15  total  for 
program 

4.2.2  Proof  Pressure  Test 


This  test  will  be  conducted  as  an  initial  acceptance  and  final  test.  The  test  article  will  be 
mounted  in  a  simulated  aircraft  frame  and  installed  per  applicable  Air  Force  Tech  Orders.  The 
test  fixture  will  then  be  pressurized  at  a  rate  not  to  exceed  1 .0  psi/minute  to  1 .24  times  the  release 
valve  setting  of  15.0  psi,  18.6  psi.  This  final  pressure  will  be  maintained  for  15  minutes  and  then 
slowly  released.  The  test  will  be  conducted  at  ambient  temperature.  At  completion,  the  WAVS 
will  be  inspected  for  delamination  and  electrical  resistance  and  the  results  recorded.  This  test 
will  be  performed  initially  on  all  pressure  integrity  test  WAVS  and  on  pressure  integrity  test 
WAVS  that  have  passed  the  cyclic  durability  test. 


4.2.3  Cyclic  Durability 


This  test  will  be  conducted  on  all  WAVS  which  have  passed  the  initial  proof  pressure  test. 
The  test  will  be  conducted  with  an  outward  acting  pressure  and  a  specified  thermal  condition. 

The  cyclic  test  will  continue  until  the  WAVS  fails  to  maintain  pressure  or  the  specified  number  of 
pressure  cycles  is  applied  (runout).  If  a  failure  occurs,  the  number  of  cycles  to  failure  will  be 
recorded  as  well  as  the  failure  mode.  In  the  case  of  an  earlier  nonstructural  failure,  the  cycling 
will  continue  until  the  test  article  is  incapable  of  maintaining  pressure  or  runout  occurs.  The 
prototypes  will  be  inspected  for  delamination  at  specified  times  during  the  testing. 

During  cyclic  pressure  testing,  the  following  data  will  be  recorded  continuously: 

•  applied  pressure 

•  outboard  temperature 

•  inboard  temperature 

•  bus-to-bus  resistance 

•  power  applied  (watts)  to  the  WAVS 

•  air  velocity,  as  applicable. 
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As  long  as  all  other  requirements  are  met,  multiple  specimens  may  be  tested  in  a  single  set-up. 
The  test  facility  will  supply  all  hardware,  mounting  frames,  etc.  to  conduct  the  tests.  Mounting 
frames  will  be  reverse  engineered  from  new  WAVS. 

4.2o3.1  #1  and  #2  WAVS 

The  #1  and  #2  WAVS  cyclic  durability  test  will  be  conducted  per  the  schedule  shown  in 
Table  1.  A  total  of  500  pressure  cycles  will  be  applied,  unless  there  is  an  earlier  structural 
failure. 


4.2,3.2  Escape  Hatch  WAVS 

The  escape  hatch  WAVS  cyclic  durability  test  will  be  conducted  per  the  schedule  shown  in 
Table  2.  A  total  of  six  pressure/thermal  cycles  will  be  applied  in  the  first  stage  of  testing,  with 
two  pressure  holds  at  the  end. 


4.3  Bird  Impact  Testing 


Bird  impact  testing  will  be  performed  on  #1  and  #2  WAVS  prototypes  in  the  spirit  of 
ASTM  F  330-89.  The  available  prototypes  will  be  selected  in  a  manner  which  will  allow  testing 
of  the  greatest  number  of  repair  techniques.  Delamination  repairs  must  be  tested  for  bird  impact. 
The  WAVS  will  be  mounted  in  a  simulated  airframe  support  structure.  A  real  4-  pound  bird  will 
impact  the  center  of  the  WAVS  at  the  correct  angle  for  head-on  level  flight.  WAVS  will  be 
installed  in  the  testing  frame  lAW  Air  Force  applicable  Tech  Orders  and  Specifications. 

The  target  impact  velocity  is  400  knots.  There  is  some  concern,  however,  that  neither  the 
repaired  or  the  new  WAVS  will  be  able  to  withstand  an  impact  at  this  velocity.  Therefore,  to 
qualify  the  test  impact  velocity,  up  to  five  impact  tests  each  on  #1  and  #2  unrepaired  WAVS  will 
be  conducted  to  select  a  test  velocity.  The  goal  in  selecting  an  impact  velocity  is  to  find  the 
highest  velocity  that  does  not  result  in  a  catastrophic  failure  of  the  WAVS.  Once  qualified,  the 
selected  impact  velocity  will  be  used  for  the  actual  test  articles. 

The  test  facility  will  supply  all  the  items  and  equipment  necessary  to  run  this  test  in  the 
spirit  of  ASTM  F  330-89.  Mounting  test  frames  suitable  for  the  B-52  WAVS  will  be  fabricated 
by  the  test  facility  through  reverse  engineering.  Documentation  of  the  facility's  compliance  with 
ASTM  specifications  will  be  provided  by  the  test  facility. 

Documentation  of  the  test  results  will  include  still  photos  and  assignment  of  a  pass/fail 
rating  based  on  resistance  to  penetration.  High-speed  film  documentation  of  the  tests  is  required. 
A  recording  sensing  paper  will  be  installed  behind  the  test  specimen  to  document  spalling  caused 
by  the  impact. 


The  number  and  type  of  WAVS  to  be  bird  impact  tested  are  listed  in  the  following  table: 


Type  of 
WAVS 

Total 

WAVS 

Unrepaired 

Vendor  #1 

Vendor#! 

New  WAVS 

#1 

up  to  10 

up  to  5 

2 

2 

1 

#2 

up  to  10 

up  to  5 

2 

2 

1 

5.0  OTJAT TTY  ASSURANCE 


All  of  the  testing  must  be  performed  in  accordance  with  the  specified  standards,  or  using 
prudent  laboratory  practices.  All  instrumentation  used  in  the  tests  will  have  a  traceable 
calibration  within  the  preceding  12  months  and  suitable  calibration  records  will  be  maintained  to 
verify  that  such  calibrations  are  valid.  From  time  to  time,  pre-arranged  visits  to  the  test  site  will 
be  made  to  witness  testing  and  inspect  laboratory  records. 


6.0  FURNISHED  EOUIPMENT/DATA 


The  following  hardware  will  be  provided  for  conducting  the  tests  outlined  above: 

•  New  WAVS:  2  each  #1,  #2,  and  escape  hatch 

•  Repaired  WAVS,  8  each  #1  and  #2,  and  4  escape  hatch 

•  Unrepaired  WAVS,  5  each#  1  and  #2 

•  Seals 

•  Samples  of  WAVS  fasteners 

•  Escape  hatch  thermal  sensors. 

Information  from  applicable  USAF  technical  orders,  specifications,  and  drawings,  will  be 
furnished  as  required  to  conduct  test  plan. 


7.0  REPORTING  REQUIREMENTS 


The  reporting  requirements  are  as  follows: 

1)  Written  test  plan  for  review  and  approval,  submitted  prior  to  beginning  testing. 

2)  Brief  monthly  status  reports. 


3)  Final  report. 
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The  format  of  the  required  reporting  documents  is  at  the  discretion  of  the  test  facility.  The  final 
report,  however,  should  contain  at  a  minimum  the  following: 

1)  A  written  description  of  the  test  procedures  (from  the  approved  test  plan) 

2)  Photographs  of  the  test  set-ups 

3)  Initialed  inspector's  data  sheets  and  notes  from  the  general  inspection 

-  written  visual  condition  comments 

-  resistance  measurements 

-  insulation  pass/fail  rating 

-  35  mm  color  photo  of  the  thermographic  image 

-  transmittance  and  haze  measurements 

-  optical  distortion  photograph 

-  optical  deviation  measurements 

-  WAVS  thickness  measurements 

-  physical  tolerance  pass/fail  rating 

4)  Pressure  integrity  testing  results 

-  pre-test  photograph 

-  post-test  photograph  with  any  delamination  or  other  distress  identified 

-  written  summary  of  test  results 

5)  Bird  impact  testing  results 

-  pre-test  photograph 

-  post-test  photograph 

-  high-speed  films  of  impacts 

-  written  summary  of  test  parameters  and  description  of  WAVS  damage 

6)  Serial  numbers  and  calibration  records  for  the  instrumentation 


TABLE  1.  CYCLIC  PRESSURE  INTEGRITY  TESTING  SCHEDULE  FOR  B-52  #1  AND  #2  WAVS 

I  Outboard  Air  Inboard  Air  Applied  Applied  Voltage*  Heat  Input*  Time  Conditions 

Temp,  F  Temp,  F  Pressure,  psi  volts  watts  Maintained  Remarks 
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APPENDIX  C 


B-52  WAVS  INSPECTION  SHEETS 


PPG  Part  Number: 


PPG  PART  MTTMRRR 


LO  I 


CUSTOMER  PART  NUMBER _ /  G  "  3  6  J  <-1-  1  H — 

UNIT  SERIAL  NUMBER _ ^ ^ 


VISUAL  INSPECTION  AND  COMMENTS 


PPG  Part  Number: 


PPG  PART  NUMBER_ _ ~  41 — 

rj 

CUSTOMER  PART  NUMBER — ! ^  ^ J^_2 - 

UNIT  SERIAL  NUMBER _ ? "H  '  — 


VISUAL  INSPECTION  AND  COMMENTS 


PPG  Part  Number: 


Customer  Part  Number 
Unit  Serial  Number 


-etc  I 

/d-  -  3  CA  7  -7 


^  ^  "  ^  s' 


Bus  to  Bus  Resistance;  tt^-3  n 
Thermal  Image 


S.E.  Resistance  30  ^ 

Insulation  Test 
(2500  VAC) 


Acc/Rej 


Date 

MAY  0  4  1995 
shimr 


Power  to  S.E.  0^^ 
S.E.  to  Metal 

S.E.  to  S.E.  Vl/d-- 


NESA  Scratch  Test  (350  VAC): 
Light  Transmittance:  ^7  ^  •  / 
Haze;/  <  I 

Photo  (Single  Exposure): 

Deviation  Inspection 
(Per  Template) 

l:<3  o  2: 3  0 

7: 

Dimensional  Inspection: 

Unit  Thickness  (per  Template) 
7:  /.Q53  8:  AgS-? 

Edge  Thickness  (per  T^tlate) 
5:* 

Seal  Evaluation:  / 

(Comments)  iLi^q 


[WAY_24J^' 
MAY  0  4  1995 

MAY  0  4  1995 
MAY  08  1SS5 


Inspector 

22  PPG  55 


MAY  0  4  1995 
may  0  4  1995 


^2fiHG5b 

22F.P35S 


22  PPG  23 


3:  Lf.O 
9; 


4:^0> 

io;.a.t:) 


5:  c3-0 


6:  <3-0 

12?^ 


MAY_QJJ225 


3:  f.Od-0  4:  /.Q$b  5:  6:  /  •  043 

9:  y.0$3  I0:/«05'G  Il:/<t)^V  \2:AoSC> 

3;  ,  4: 

7:_j1£-3-  8:^il^ 

_  MAY  0  4  B95  ^PPg55 


\^sual  Inspection: 

(Place  comments  on  attached  sheet) 


MAY  0  4  1995 


PPG  PART  NUMBER _ 

CUSTOMER  PART  NUMBER 
UNIT  SERIAL  NUMBER _ 


~  I  -  ^ _ 

IQ  -  36  3^7^ 

-caff 


VISUAL  INSPECTION  AND  COMMENTS 


lA^J 


uCO 


PPG  Part  Number: 


Customer  Part  Number 


Unit  Serial  Number 


-  c>(ai  - 

16  - 


Bus  to  Bus  Resistance: 


Thermal  Image 

S.E.  Resistance 

Insulation  Test 
(2500  VAC) 


Acc/Rej 


62^ 


Power  to  S.E. 
S.E.  to  Metal 
S.E.  to  S.E. 


NESA  Scratch  Test  (350  VAC): 
Light  Transmittance: 


Photo  (Single  Exposure): 

Deviation  Inspection 
(Per  Template) 

i-.ML 

n-.fi  0  8: 

Dimensional  Inspection: 

Unit  Thickness  (per  Template) 

1:  f.  h^Pd 

7: 1.6'SO  8: 

Edge  Thickness  (per  Template) 
I- i-.jn 

5:TW  6:  ■  W 

Seal  Evaluation:  A  ^  a 
(Comments) 


^him> 

0  4  1995 
^^yjjJ995 

may  0  4  1995 
may  Q  4  1995 
may  0  4  1995 

may  08  iS95 


22  PPG  55 

22.PDG55 


22  PPG  55 
22  PPG  55 
22»dg55 


22  PPG  23 


4:jZ£_  5'^  D 

9:  W.S.n  \\\6Ur  12:^ 

MAY  0  4  1995  22ppg56 


y.Ml?  4:  ),04-l  5:_L^I 

9: 1.O'SO  \0-.iy)S6  \\-.m±7  \2.60Sfi' 

y’tLt  4:.??<5>- 
7:T^g'  8:  j922 

n  MAY  0  4  1995  22  PPG  5.5 


"Visual  Inspection: 

(Place  comments  on  attached  sheet) 


may  0  4  1995  22  PPG  55 


PPG  PART  NUMBER. 


,i3>^(l  -  I  ~  ^ _ 

CUSTOMER  PART  NUMBER _ /  ^  ^ ^  'CL - 

UNIT  SERIAL  NTTMBER  '‘M  '6)93 


VISUAL  INSPECTION 
DELAMINATION- 


ELECTRICAL  CONNECTOR  CONDITION-! 


CUSTOMER  PART  NUMBER _ •'  3  C)  3^ 

UNIT  SERIAL  NUMBER _ /4 


VISUAL  INSPECTION  AND  COMMENTS 


PPG  Part  Number: 


Customer  Part  Number 
Unit  Serial  Number 


-  06>l  -  ^ 


Bus  to  Bus  Resistance:  O 


Acc/Rej 

Cu2.C_ 


1995 

ohlmr 

MAY_04_I^95  ?2PKhn 
may  C  4  1995  22  PPG  55 

M^Y_04J995 

may  0  4  1995  '"Pfi  5.^ 
Way  iqqq  ^ 

f.^AY  0  8  1995  22  PPG  23 


Thermal  Image 

S.E.  Resistance  30  8 

Insulation  Test 
(2500  VAC) 


G-ee^ 

Power  to  S.E.  Q-O,/*  ^ 
S.E.  to  Metal 
S.E.toS.E.  V)/^- 


NESA  Scratch  Test  (350  VAC): 
Light  Transmittance:  90-^' 
Haze:  /  •  CL 

Photo  (Single  Exposure): 

Deviation  Inspection 
(Per  Template) 

1:5-0  2:o?-6 

7:,9-g>  8:^-0 

Dimensional  Inspection: 

Unit  Thickness  (per  Template) 
1:  /.0.33  2:1.039 

7:  h0^9~ 


Edge  Thickness  (per  Template) 
2: 

5: /a 6.0  6:.  5>09 


Seal  Evaluation: 
(Comments) 


3:  S-d 

9:^.d 


9:  /.o^^ 


3;  ,220 
7:- S'?  5" 


?PP(.  ... 


4:<^.0> 

10:^0 


5:  J.O 
WM-O 


6:  °?  0 

12:  ,5 


MAY  0  4  1995 


4:  J.n4) 


4-  /?<i0 

8:TW^ 


5:  J.O'4-3  6:/.0¥I  , 


may  0  4  19S5  ^PPS55 


Visual  Inspection: y?4  -4-2  .oci 

(Place  comments  on  attached  sheet) 


may  v  4  W) 


PPG  PART  mttmrtcp  - - 

CUSTOMER  PART  NUMBER  ~  3^7  -[]_ - 

UNIT  SERIAL  NUMBER  ^  9  -  '  /  /  '  ^  ^ 


VISUAL  INSPECTION 
DELAMINATION- 
VINYL  r-PACKS- 


SCRATCHES-_V21S22:=Lc 


SEAL  CONDITION 


ELECTRICAL  CONNECTOR  CONDITION 


CUSTOMER  PART  NUMBER _ /6-  3^3  ^  7  ^ 

UNIT  SERIAL  NUMBER _ f  -  //^ 


VISUAL  INSPECTION  AND  COMMENTS 


PPG  Part  Number: 


Customer  Part  Number 
Unit  Serial  Nmnber 


^  6,  I  ~  ^ 
/6  -  3^34-7-7 
-  3i  !  U  - 


Bus  to  Bus  Resistance:  '4^S'  ^ 

Acc/Rej 

Ci_0.A 

Thermal  Image 

S.E.  Resistance  ^ 

Insulation  Test  Power  to  S.E. 

(2500  VAC)  S.E.  to  Metal 

S.E.  to  S.E. 

NESA  Scratch  Test  (350  VAC): 

CLt^ 

Light  Transmittance:  '77. 5 

Haze:  /-O 

Photo  (Single  Exposure): 


MA?1^4_I995 
MAY  G  4  1995 


Inspector 


MAY  0  4  las'" 


22  PPG  55 


may  v  4  ;yv:  22  PPG  55 

MAY  v  4  22  PPG  55 

MAY  0  4  199S 

MAY  03  1995  22  PPG  23 


Deviation  Inspection 
(Per  Template) 

1:^.0  2:4-^ 

7:  /.O  S:hC> 

Dimensional  Inspection: 

Unit  Thickness  (per  Template) 

2:I.D/5 

l:hc^A\  8:  hOA9- 

Edge  TTiickness  (per  Template) 
5: .ygg  6\gJJe_ 


Seal  Evaluation: 
(Comments) 


3:4-0 

4:  S>  0 

5: 3  0 

6:S.O 

10; 

n:±^ 

12:  4-9 

MAY  0 

4  1S9.5  ^ 

y.l-OA^ 

4:  /.  OIS 

5:  /.  o/s 

6:J.Djy 

9: 1-0  IS 

10:  /-o^l 

11;/ 0^7 

3:.S>'S' 

A:.Ssrsr 

T.-^SO 

MAYO.lib:*)?  22  PPG  55 


Visual  InspectiomCuJ^ 

(Place  comments  on  attached  sheet) 


22  PPG  5$ 


PPG  PART  NUMBER _ -  0  U  I  '  ^ - 

CUSTOMER  PART  NUMBER  30  34  ]  - - 

UNIT  SERIAL  NUMBER  ih  O  '  ■9-9 

VISUAL  INSPECTION  AND  COMMENTS 

r  c/e  _ 


0 


PPG  Part  Nuixiber: 


PPG  PART  MTTMRKT?  -  LJID  ! _ - 

CUSTOMER  PART  WTTMBER  /A  '■  3  6^  7  - 

UNIT  SERIAL  mttmrEP  ^  ^  ^  ^  ^  ^ 


VISUAL  INSPECTION 

drt.&MTNATION-  C)  - 

VINYL  CRACKS-  6  \<^ — - - 

SCRATCHES- 

SEAL  CONDITION-_^£j£r4 - 

ELECTRICAL  CONNECTOR  CONDITION-J 


PPG  Part  Number: 


Customer  Part  Number 


Unit  Serial  Number 


(t)  ! 

JO  -  3^  34^  •;  -7 


Bus  to  Bus  Resistance:  Q 

Thermal  Image 


S.E.  Resistance 

Insulation  Test 
(2500  VAC) 


Power  to  S.E. 
S.E.  to  Metal 
S.E.  to  S.E. 


Acc/Rej 


Date 

MAY  :)  ^  1Q(?c 


Ins^or 


nl 


NESA  Scratch  Test  (350  VAC): 
Light  Transmittance:  75'.  5 
Haze:  .  ^ 

Photo  (Single  Exposure): 

Deviation  Inspection 
(Per  Template) 

1:^.0  2:  I.C 

7:  o?-0  Z:3  0 

Dimensional  Inspection: 

Unit  Thickness  (per  Template) 

1-  I  2;  ) 

T._LQSi$  8:  /  • 

Edge  Thickness  (per  Template) 
1: .S'SO  2:ji^ 

5:  .^.33  6:  .  S  ( 6> 

Seal  Evaluation: 

(Comments)  _ 


3: 4.5 
9:  <3.0 


3:  /■ 

9:  I.OSi(i> 

3’  <  S  >5-3 


may  0  g  icqt;  ' 

MAY  08  1995  22  PPG  23 


4:  <P.O 
10:^ 


5:  <3  O 
11:‘=?0 


6:  1?  O 
12:  ^.<9 


MAY  0  3  1995  22  PPG  55 


4:  5:  I  6: 

10: 1.O<3^  11: /.0<3S  12: J^8 


4:^1^ 

MAY  0  3  1995  2?ppg55 


\^sual  Inspection;  GLJ>v_ 

(Place  comments  on  attached  sheet) 


MAY  0  3  1995  22pp655 


PPG  PART  MTTMRFR  ^ - 

CUSTOMER  PART  NUMBER  /O'  -'id  3^  ^ 
UNIT  SERIAL  NUMBER  g  9  ^  :ilk 


VISUAL  INSPECTION 

DELAMINATION-_^j^^ - - - - - 

VINYL  CPACKS-  O  K - - - - - - 

SCRATCHES-jHW^-i. - - - 

SEAL  CONDITION-  - - - 

ELECTRICAL  CONNECTOR  CONDITION- 


PPG  PART  NUMBER _ ~  >  -}:L - 

CUSTOMER  PART  NUMBER  / (' )  -^‘^6^91'^. - 

UNIT  SERIAL  NUMBER  9 '  hi  -  t !  -  C  3  '  3  ^  G_ 


VISUAL  INSPECTION  AND  COMMENTS 

0^  _ 


YW 


PPG  Part  Number: 
Customer  Part  Niunber 


Unit  Serial  Number 


Bus  to  Bus  Resistance: 


Thermal  Image 


Acc/Rej- 


S.E.  Resistance  36(f 

Insulation  Test 
(2500  VAC) 


Power  to  S.E. 
S.E.  to  Metal 
S.E.  to  S.E. 


NESA  Scratch  Test  (350  VAC): 

Light  Transmittance: 

Haze:  ).H 

Photo  (Single  Exposure); 

Deviation  Inspection 
(Per  Template) 

1:  0-  5  2:Ji£ 

7:  8:  3-0 

Dimensional  Inspection: 

Unit  Thickness  (per  Template) 

1:  /■O/.g  2: 

7:  l.ni\  8:  t  OC^  9:/  ..Poa 


Edge  Thickness  (per  Template) 
l:-943  2;_ii^ 

S:.  %3') 

Seal  Evaluation: 

(Comments)  _ _ 


3: 

9:3t.O 


3:  I.QO^ 


3:  .8^1 
7:  •S’W 


Date  Inspector 

MAY  0sja95 

_  22PpGb:> 

WAY  -.j  3  1995 

Way  j  p. 

MAY_0JJ995 
WAY  0  3  1995 

MAY  08  1995  22PPG23 


4:.^ 
10: 7- <5 


6: 

12;:^0 


WAY03J95 


4: 1.00^4  5:  I.CO^  6:  y.Qofc 

10;)^OlA  11:  /  .P>og  \1\±^6") 


4;  >^^0’ 

8:.  gya 

MAY  0  3 


\^sual  Inspection: 

(Place  comments  on  attached  sheet) 


’3  3  2?pP(J55 


PPG  PART  NUMBER. 


'  0(sj  i 


CUSTOMER  PART  NUMBER  ^  3^  9  [j - 

UNIT  SERIAL  NUMBER  S' 9  -  1 3>')  ^  fJo  -  / 


VISUAL  INSPECTION 

DELAMINATION-.  — . 

VINYL  CRACKS-  ^ _ - 

qpTiATCHES-  - - - — - 

SEAL  CONDITION-J^®*:^ — - - — 

ELECTRICAL  CONNECTOR  CONDITION- 


PPG  PART  MTmRKR  ^ 

CUSTOMER  PART  NUMBER  /6  -  3C  3  4 
UNIT  SERIAL  NUMBER  ^  ^  -  I  a  0  - 


VISUAL  INSPECTION  AND  COMMENTS 


PPG  Part  Number;  -  CjIp  !  "  V 

Customer  Part  Number  !  (j  ~  ^ 

Unit  Serial  Number  ^  ^  8^  6>-^  I 


Unit  Serial  Number 


Bus  to  Bus  Resistance;  Q 

Thermal  Image 
S.E.  Resistance  ^ 


Acc/Rej 


Date 

may  0  4  199^ 


Inspector 

ntViy  05 

22PPG55'1?'' 


Insulation  Test 
(2500  VAC) 


Power  to  S.E.  0-^^ 

S.E.  to  Metal 

S.E.  to  S.E.  WM 


NESA  Scratch  Test  (350  VAC); 

Light  Transmittance; 

Haze;  /•  0 

Photo  (Single  Exposure); 

Deviation  Inspection 
(Per  Template) 

lU.5  2;3'0 

7:  D~  8;  1-0 

Dimensional  Inspection; 


(htJt 

CU'/v. 

0-^ 


C  22  PPG  55^ 

MAY  0  4  1995  22  SPG  55 

MAY  G  4  199^ 

MAY:.4  19'<5  ^^PG55 


MAY  4 

MAY  0  4  1995 
MAY  Q  4  1995 

MAY  0  8  1395 


1  0  A  j;;j 

99  p -G  23 


3:^0 

9:<^0 


10;  <^'5 


5;  o?-0 


6;  c^‘ ^ 

12;<3.(D 


may  0  4  199^  22 PPG  55 


Unit  Thickness  (per  Template) 

3;  /.Oc2^ 

4; 

5; 

T.f.o:>3L 

8;  /.US^ 

9;/j2£5 

Edge  Thickness  (per  Template) 
1:.?  ')6> 

3:.?7r 

5;j_i£5 

7;. 

8:.r^J 

6; 

12;/.o;73 


Seal  Evaluation; 
(Comments) 


may  0  4  1995 


^^sual  Inspection;  C>acc  >!<• 
(Place  comments  on  attached  sheet) 


MAY  0  4  1995 


"0  55 


PPG  PART  KTTMRKR  -  O  ^  /  - 'r _ 

CUSTOMER  PART  NUMBER  /d  "  303'^')-^ 
UNIT  SERIAL  NUMBER  ^  ^  ^  ^  ^ 


VISUAL  INSPECTION  AND  COMMENTS 

K}-i  O  t  B  y 


iL<Uid 


PPG  Part  Number: 
Customer  Part  Number 
Unit  Serial  Number 


/  T 

/^-  363</7-'7 

q  -  H- //■  /I  -Soi, 


Bus  to  Bus  Resistance:  n 

Thermal  Image 


S.E.  Resistance  30  S 

Insulation  Test 
(2500  VAC) 


Power  to  S.E. 
S.E.  to  Metal 
S.E.  to  S.E.  HI 


NESA  Scratch  Test  (350  VAC): ' 
Light  Transmittance: 


Photo  (Single  Exposure): 

Deviation  Inspection 
(Per  Template) 

1-  l.D  2: 

1\  n  o  8:  Q 


Date 

may  0  3  1995 
may  0  3  1995 

MAV^jJCjS.r 


Inspector 

_22Pjjbo^^ 

22  PPG  55 

?2pp.Q5,5 


^  cr 
22  Phi  55 


0  3  199S 

may  0  3  1995  22 PPG 55 
IViAY08  1S95  22  PPG  23 


3:  Q  O 

9:  3  0 


4:  4-0 
10: 7.(9 


5:  4-2) 

11:7.0 


6:  ^  0 
12: 


Dimensional  Inspection: 

Unit  Thickness  (per  Template) 

1; 2:_/j_5£^  3:  /  .030 

7;7iMl  8:.(^(  9\hg^ 


may  Q  3  199S  22  PPG  55 


4;/, 0.37-  6:  l.OSO 

10: /-OJ^/  ll:i^3  12:  /-Ovil 


Edge  Thickness  (per  Template) 

1;.  S-63L  2: .7^2) 

5: 6:/77«g 

Seal  Evaluation: 

(Comments)  ^a<2 


3:.?4></' 

7:T^0^ 


4:_2^ 

8: 


may  0 3  1995  _?2p^55 


Visual  Inspection: 

(Place  comments  on  attached  sheet) 


may  0  3  1995 


PPG  PART  NT7MRER  -  Qlo  I  _ 

CUSTOMER  PART  NUMBER  ^  ^  1  '1 

UNIT  SERIAL  NUMBER  9  "  -  /  /  -  /Q  'StO  5 


VISUAL  INSPECTION 

DELAMINATION-jCl^: - 

VINYL  CRACKS-_0.^^^ - 

SCRATCHES-. 

SEAL  CONDITION-_^3Sr2 _ 

ELECTRICAL  CONNECTOR  CONDITION-_^^ 


PPG  Part  Number:  -OL  /  ~  *4 

Customer  Part  Number  )  C>  "  3^7 


Unit  Serial  Number 

Bus  to  Bus  Resistance:  ^ 

Thermal  Image 

S.E.  Resistance 

Insulation  Test 
(2500  VAC) 


4{  -  6-3-/') 


Acc/Rej 


Inspector 


Insulation  Test  Power  to  S.E. 

(2500  VAC)  S.E.  to  Metal 

S.E.  toS.E. 

NESA  Scratch  Test  (350  VAC):»^*^^ 


Light  Transmittance:  0  0^  a 

Haze:  M  ^ 

Photo  (Single  Exposure):  _ 

Deviation  Inspection 
(Per  Template) 

1:  4.S  2:^  0  3:5-0.. 

7:  2-0  8:7-0  9:  ?-0 

Dimensional  Inspection:  _ 

Unit  Thickness  (per  Template) 

\:I.Z>5L  2:1-0^^ 

7: hCSS  8: 1  ■05<^  9:lo4'0 


QJKL- 


may  0  3  1995 

22  PH,  r 

MflV  3  3  igge 

22  PPG  55 

!«AV  -i  Uj-if 

22  PPG 

^AV  }  7  U-jr 

22  ^PG  55 

i^AV  1  V  WA 

K'P.GCr, 

MAY  08  1995 

22PFGZ3 

4:  90 
10:‘P.O 


5:  g  o 
11: '^  O 


6:  g  o 
12:9-0 


MAYiL3_I995 

4:  5:  AOS7 

10:/,oS7  11:/^/  12:/9^‘>’ 


Edge  Thickness  (per  Template) 
1:  .$57  2: 

5:.gq5  6: Jrl£- 

Seal  Evaluation:  ^  ^ 

(Comments)  yJLsi 


3:  >%5<^ 
7: 


4: 

8:194. 


MAY  0  3  1995  22  PPG  5b 


\^sual  Inspection: 

(Place  comments  on  attached  sheet) 


RjAY  ■?  3  22  PPG  55 


PPG  PART  WTTMRKR  - 

CUSTOMER  PART  NUMBER  /  6  "  3  ^ 

UNIT  SERIAL  mttmrrr  3' /  9  '  J)J!  / 


VISUAL  INSPECTION 

delamination-_^lA!1— - - 

VINYL  CRACKS-  _ 

SCRATCHES-  1  44  H  ^ 

SEAL  CONDITION-  (^^6^ - - - - 

ELECTRICAL  CONNECTOR  C0NDITI0N-.Oi:^ - 


PPG  PART  WTTMRER  -CL  I 

CUSTOMER  PART  MTTMRKR  (Ij  ^  3^1 

UNIT  SERIAL  ktttmrrr  ‘g'<^ / 


VISUAL  INSPECTION  AND  COMMENTS 


PPG  Part  Number;  65^3^.  -  f  ~  Sr 

Customer  Part  Number  30^^  ^ — 

Unit  Serial  Number  .  H~l  I  ~  ~  ^ 


Bus  to  Bus  Resistance:  '4’^- )  Q 

Thermal  Image 

S.E.  Resistance  3  C>  Sl 

InsulationTest  Power  t 

(2500  VAC)  S.E.tol 

^  -r?  I 


Acc/Rej 


Power  to  S.E. 
S.E.  to  Metal 
S.E.  to  S.E. 


NESA  Scratch  Test  (350  VAC): 
Light  Transmittance:  ^7 5  -S 


Photo  (Single  Exposure): 

Deviation  Inspection 
(Per  Template) 

1:  STO  2:_B_0  3: 

7:3"^  8:  S>  0  9: 

Dimensional  Inspection:  lO-^ 

Unit  Thickness  (per  Template) 

1:  /•  OSO  2: \-O^I  3: 

8:  /■0-33  9: 


3:  ^0 
9:  -S' 


Edge  Thickness  (per  Template) 

1:.  2:_i1£H 

5: .??:35  6:.^3g 

Seal  Evaluation:  v  o  . 
(Comments)  /  _ 


9;  /,  C^-S^ 


3;,  9'3 

T.rSjl 


..  Date  Inspector 

MAfO_3j995  22kP055 

MAY  0  3  1995 
MAY  0  3  1995 


MAYJjM>,:=  22  PPG  55 

MAY  1  3 

MAY  0  3  22 PPG  55 


I  -VI  wv 


4:  9-0 
10:4-5 


sM-o 

11:=?  4) 


6:  So 

12:5-^ 


MAY  0  3  1995  _»W5 


4:  /.Qg? 
10: 

4:  <  I 
8: . 


5:  y-oiy 

11:7.0^5' 


6: 

12: 


may  0  3  1995 


Visual  Inspection: 

(Place  comments  on  attached  sheet) 


MAY  0  3  1995 


22  PRO  55 


PPG  PART  NUMBER__J!SiOiC — -  C  ■'  ^ 

CUSTOMER  PART  NUMBER.  ^  ^  ,. 

UNIT  SERIAL  mttmrbt?  '7  -  /=)  -  /  /  -  'bC^  ?.  V 


VISUAL  INSPECTION 

n^LAMTTJATT ON-  C)  KL - 

\^INYL  CRACKS-.  CkK^^ — 

SCRATCHES-JIL/J^ - 

SEAL  CONDITION-  \ 


ELECTRICAL  CONNECTOR  CONDITION-, 


PPG  PART  mttmrfp  -  o'  u)  i — t_ 

CUSTOMER  PART  NUMBER  ( {) 

UNIT  SERIAL  NUMBER _ ^  -  /,J_ 


VISUAL  INSPECTION  AND  COMMENTS 


PPG  Part  Number; 


Customer  Part  Number 


Unit  Serial  Number 


/d  -3o  J  V  7  -7 


Bus  to  Bus  Resistance:  >4^  Lf  Cl 


Thermal  Image 


Acc/Rej 

0-C-O 


S.E.  Resistance 

Insulation  Test 
(2500  VAC) 


Power  to  S.E.  CULg 

S.E.  to  Metal 

S.E.  to  S.E.  WF 


NESA  Scratch  Test  (350  VAC): 

Light  Transmittance: 

Haze:  /  •  ^ 

Photo  (Single  Exposure): 

Deviation  Inspection 
(Per  Template) 

1:  j  .O  2:^  0 

Dimensional  Inspection; 

Unit  Thickness  (per  Template) 

2:  /.D/3- 

7:  I.On^  8; _LOC><\ 

Edge  Thickness  (per  Template) 
2:  >S90 

5:.?S^  6:. 

Seal  Evaluation:  .  . 

(Comments) 


0-^y 


,,  Date 

MAY  0 


4  1995 


Inspector 

22  Ppb 


may  Q  4  1995  22Ppboc 
MAY  0 4  1395 

may  0  4  1995 

MAY  C  4  1»^ 

MAY  0  4  1995 

MAY  08  1995  22  PPG  23 


3:  J  tP 
9:=?Q 


3: 

9; /.QO^ 


3; ,  ? 

7; 


lO:.^ 


4;  /.QOS' 
\0\J.Ol4 


4:  . 


5:  -^<3 


6:^_£_ 

12:  .-3-^ 


J29<5 

5:  / 

WJ.O'^  12:a<D/«/ 


MAY  0  4  1995 


22  PPG  55 


\lsual  Inspection; 

(Place  comments  on  attached  sheet) 


may  0  4  1995 


22  PPG  5.5 


PPG  PART  NTTMRER  -  C  io  I  '  - 

CUSTOMER  PART  WTTMRER  /  C)  '  36  9  7  -T 

UNIT  SERIAL  kttmrkr  Q  >4- ^  6^  U- 


VISUAL  INSPECTION  AND  COMMENTS 


PPG  PART  -  Hio  I  - 

CUSTOMER  PART  NUMBER  \  ^  1. 

UNIT  SERIAL  mttmrbt?  9  ^  QSO^C.'.^  ^  i 


VISUAL  INSPECTION  AND  COMMENTS 


PPG  Part  Number: 


Sf\C'OG,5 


Customer  Part  Number  ~  ; 


Unit  Serial  Number 


Bus  to  Bus  Resistance:  H-S  Q 
Thermal  Image 


S.E.  Resistance 

Insulation  Test 
(2500  VAC) 


Power  to  S.E. 
S.E.  to  Metal 
S.E.  to  S.E. 


Acc/Rej 

Act. 


^iAV  C  3 

s/i(hi 


Inspector 


••'  0  8  1995 


NESA  Scratch  Test  (350  VAC): 
Light  Transmittance:  7S-C 


Photo  (Single  Exposure): 

Deviation  Inspection 
(Per  Template) 

7:  .  /  8:  (  . 

Dimensional  Inspection: 

Unit  Thickness  (per  Template) 

1:|.^6  2:  \.Zg_ 

TJ30  8:y.a^ 

Edge  Thickness  (per  Template) 

l:iSa2  2:^1^ 

5:g.7/7 

Seal  Evaluation:  c>  (( 

(Comments)  S/rgr 


iViAY  99  'iSSS  22FPG23 


3:  /.q^ 

3:/.7<P 

7:J^ 


4: 

10:i^JS' 


lir^ 


6:.  2. 

12:  7 


PPG  so 


11:/-^^ 


(>-.J2JL 


Visual  Inspection:  <=Kkt^ 

(Place  comments  on  attached  sheet) 


>0^ 


PPG  PART  mttmrrR  C-  ^ - 

CUSTOMER  PART  NUMBER  0_L 

UNIT  SERIAL  NUMBER  S ~  ^7— 


VISUAL  INSPECTION 
delamination- 

VINYL  CRACKS-_ - Clt - 

SCRATCHES- _ - 

SEAL  CONDITION- _ ^ - 


ELECTRICAL  CONNECTOR  CONDITION- - ^ 


PPG  Part  Number: 


old 


Customer  Part  Number 


Unit  Serial  Number 


Bus  to  Bus  Resistance: 


'/-M-//-03-  S' 


Acc/Rej 


Inspector 

22 


Thermal  Image 

S.E.  Resistance 

Insulation  Test 
(2500  VAC) 


Power  to  S.E.  Ac  a 

S.E.  to  Metal 

S.E.  to  S.E.  yC/'At 


NESA  Scratch  Test  (350  VAC): 
Light  Transmittance:  T5-C 


fvlAV  0  8  1995  22  PPG  ■ 


lll£LiLSi395 


fl^AY  G  8  1995  £2  PPG 
-  .  . ,  £2  PPG  bo 


Photo  (Single  Exposure): 

Deviation  Inspection 
(Per  Template) 

1:  2:  40 

r.sjx- 

Dimensional  Inspection: 

Unit  Thickness  (per  Template) 
1:  i.AT  2:^515 

Edge  Thickness  (per  Template) 
2: 

5:^  6:_£^ 

Seal  Evaluation: 

(Comments)  Sefc 


MAY  0  9  )S95 


22  PPG  23 


y.ML_ 


3:j^ 

y.MSH 


yj£^ 

7;^ 


4:  A.O 
lO'.j.n 


4:_Z5J 

10:/^ 


4:i^ 

8:1^ 


5:  AO 
UA-CP 


5:_LM 

ILAOr 


6: 

12;.2^ 


^pg  go 


6:  /.  5/ 


Visual  Inspection:  5ir^ 

(Place  comments  on  attached  sheet) 


CUSTOMER  PART 


UNIT  SERIAL  NUMBER_ 


VISUAL  INSPECTION 


DELAMINATION- 


PPG  PART  NUMBER. _ - 

CUSTOMER  PART  mttmrrp 

UNIT  SERIAL  mttmrt^p  55 


VISUAL  INSPECTION  AND  COMMENTS 


PPG  Part  Number: 
Customer  Part  Number 
Unit  Serial  Number 


ID-Jd3¥7~l 


;?77 


Bus  to  Bus  Resistance:  Cl 

Thermal  Image 


S.E.  Resistance 

Insulation  Test 
(2500  VAC) 


Power  to  S.E. 
S.E.  to  Metal 


Acc/Rej 

_jicC_ 


t\cc 


Date 


Inspector 


S.E.  to  S.E. 

NESA  Scratch  Test  (350  VAC): 

Light  Transmittance: 

y  Q  c  'irpr 

r;'; 

Haze: 

.  f,:;' 

fi!'' 

Photo  (Single  Exposure): 

- 

MAY  09  1995 

22  PPG  23 

Deviation  Inspection 

(Per  Template) 

3:_l^ 

4:  .1 

5:_£JQ_ 

6:jka. 

7:  /.O  8:  hO 

9:  t.D 

10:jLS. 

ll:ic» 

Dimensional  Inspection: 

- 

Acc  m 

0  s  1395 

Unit  Thickness  (per  Template) 

1:  »ii£>  2:  \i4'i 

4:  <  3S 

5._l2S. 

6:  iJs 

7:  /.I?  8: 

9:JSZ 

10: /.iS* 

11:/.  If 

n-./Bj 

Edge  Thickness  (per  Template) 

1:  2: 

3:^££f 

4:^^X 

^■.£S7L  6:M£ 

7:_s^ 

MAY 

0  S  i^35 

-  A  ’ 

Seal  Evaluation: 

_ 

(Comments) 

Visual  Inspection: 

(Place  comments  on  attached  sheet) 


M3'ULSJ295 


PPG  PART  NUMBER _ ^  -  Q  5 - 

CUSTOMER  PART  NUMBER  0  — L - 

UNIT  SERIAL  mttmrkp  K' //'//' O  ~<P-  ^2 


VISUAL  INSPECTION 

DELAMINATION-_ - ^ 

VINYL  CRACKS-_____^ 
SCRATCHES-. _ 


ClM»tr'+ 


^)K 


SEAL  CONDITION- _ - 

ELECTRICAL  CONNECTOR  CONDITION- 


PPG  Part  Number: 


Customer  Part  Number 


Unit  Serial  Number 


CL>  ^ 

/6-303^7~l 

S-H-n 


Bus  to  Bus  Resistance:  iLie  Q 

Thermal  Image 

S.E.  Resistance  ^  o  H- 


Acc/Rej 


Date 

MAY  1 1  199S 

sIisIh^ 


Insulation  Test 
(2500  VAC) 


Power  to  S.E. 
S.E.  to  Metal 
S.E.  to  S.E. 


NESA  Scratch  Test  (350  VAC): 
Light  Transmittance:  7  ^ 

Haze:  •  9 

Photo  (Single  Exposure): 

Deviation  Inspection 
(Per  Template) 

1;  2-.A-0 

7:  1.0  8:_UO 

Dimensional  Inspection: 

Unit  Thickness  (per  Template) 

1: 2: 

7:  /.QVO  8: 

Edge  Thickness  (per  Template) 

1:  .ff'Sp  2:/i4^ 

5: / 

Seal  Evaluation: 

(Conunents)  _ 


3:5  0 

9:  j  .0 


3: 

9: 

3;_^6 
7:  >  ^6^- 


MA'''  1 1  b'-' 
ItiA’  1  1 


MAY  12  1995 


Inspector 


>^AY  1  1  1995  22PHGU. 
may  1 1 


22PpG5i 
22  PPG  55 


22  PPG  55 


4:j2A 

10:cP.6) 


5:g?.0 

11:j2^ 


6:  f-d 

12:V3 


may  1 X  1995  22  PPG  55 

4:  />Od^  5:  1.0-^ 

10:  /./?«//  11:  l.O^^  U-.jiJif^O 

4:_iil76* 

8: 

may  1  1  1935  J2p^5 


Visual  Inspection: 

(Place  comments  on  attached  sheet) 


KAY  1 1  t99." 


22=PG5? 


PPG  PART  NUMBER 


O  [q  S _ 

CUSTOMER  PART  WTTMRRR  j  6  ' 2>  C  3^1-1 
UNIT  SERIAL  NTTMRER  g  -  H  -  I  |  '^6  ■  ^^4 


VISUAL  INSPECTION 

nRT.AMTNATTON-  D  K _ 

VINYL  CRACKS-  0  ^ _ 

SCRATCHES-.  A..  .MiU 


SEAL  CONDITION-. 


ELECTRICAL  CONNECTOR  CONDITION 


[- 


PPG  PART  NUMBER _ - 

CUSTOMER  PART  NUMBER  />/  —30^9  7  ~L 
UNIT  SERIAL  mttmrpp  S  '  H  '  II  '  ^  d  - 


VISUAL  INSPECTION  AND  COMMENTS 


OL  ci 


PPfi  Part  Number:  Sf\C~'-OU>  3 

— 

Customer  Part  Number  1C  ~ 

li _ 

_ 

Unit  Serial  Number  l'SS  ~ 

Acc/Rej 

Date  Inspector  ^ 

Bus  to  Bus  Resistance:  ^ 

K\ct 

A  r  (jo  iOJJ  PPG  OU 

Thermal  Image 

Acc 

MA,  PPCj 

SJE.  Resistance  So  9 

IvlAY  G  A  .  PPs  so  '  ^ 

,  .  ,  -  ®  PPr,  tr 

Insulation  Test  Power  to  S.E. 

Arr 

■r.  .  -'JO 

(2500  VAC)  S.E.  to  Metal 

Acc. 

S.E.  to  S.E. 

- 

NESA  Scratch  Test  (350  VAC): 

fiiA  Y  Dd-lbliJb 

Light  Transmittance: 

\ 

_2sf£ 

f;^AY  G  8 

Haze: 

«  .  22  PPG  23 

Photo  (Single  Exposure): 

Deviation  Inspection 

(Per  Template) 

1:  9?  5  2:..JL 

3:_J_ 

4:  » /  5:  6:  .<2. 

8:,JL 

9:^ 

10:  .Al  11:  -2-  12:^ 

Dimensional  Inspection: 

/Vc 

MAY  0  2  m 

Unit  Thickness  (per  Template) 

1: 1,^0 

3:_L52 

A:  5:  f.  .co  6:  /,sa- 

l-.t-SO  8:/-^ 

9:1.^ 

10: ll:;.b2?  U-.KiC, 

Edge  Thickness  (per  Template) 

3:JS£t. 

4;^ 

6:_g-22_ 

Seal  Evaluation:  ^  ^ 

*lcr.. ,  ■ 

my  0  8  ^’PG  ^ 

(’Comments'! 

\^sual  Inspection:  ‘  Acf  ^AY  0_b  ..  ,  . 

(Place  comments  on  attached  sheet) 


CUSTOMER  PART  NUMBER  /O  2>0  S 
UNIT  SERIAL  NTTMRRR  'C 


VISUAL  INSPECTION  AND  COMMENTS 


PPG  Part  Number: 


PPG  PART  NUMBER _ 0^^ 

CUSTOMER  PART  NUMBER_/0 — 

UNIT  SERIAL  mttmrfp  ~  //'  7~  / 


VISUAL  INSPECTION 

DELAMINATION- - 

VINYL  CRACKS- _ 

SCRATCHES- _ 


SEAL  CONDITION-. 


OK 


M. 


OfC 


OIL 


ELECTRICAL  CONNECTOR  CONDITION-. 


PPG  PART  NUMBER _ U^L-  (Jrn  - 

CUSTOMER  PART  NUMBER  / ^  ~  -5^.?  L - 

UNIT  SERIAL  mttmrfr  ^ 


VISUAL  INSPECTION  AND  COMMENTS 


PPG  Part  Number; 


9,kC.-):^(nS 


Customer  Part  Number  /d'  ?)0  1  ~  / _ 

Unit  Serial  Number  Q/  •  ^7V-  //~t]  ~ 


Bus  to  Bus  Resistance;  7/  ^  Q 
Thermal  Image 


S.E.  Resistance 

Insulation  Test 
(2500  VAC) 


Power  to  S.E. 
S.E.  to  Metal 
S.E.  to  S.E. 


Acc/Rej 

A  tc. 


Me. 

Me. 

Acc 


Date  Inspector 

MAY  0  S  ’.yS5  £2  PP:- 


MAY  0  5  :S95  ^ 


NESA  Scratch  Test  (350  VAC); 

Light  Transmittance;  7  5-  (» 

Haze;  ^ 

Photo  (Single  Exposure); 

Deviation  Inspection 
(Per  Template) 

1:  V.O  2;  ^,0_ 

7:  A.n 

Dimensional  Inspection; 


t.aM> 


fluc 


r.n'-'  r;  r  ':f^95  ^ 


r4AY_a^995 

G  0  1395 


■: :  !3-95 


iViAY09JS35 


9;^ 


10:-^  .n 


5:_^ 


6;^ 
12;  VO 


may  0  8  ••  pPr> 


5:^ 

Seal  Evaluation; 
(Comments) 


2;  )  30 

4:  /:?6 

%-._L32 

9;  /  Vo 

10; 

(per  Template) 

2:^ 

y.ISL 

4;^^0 

6;£2^ 

l-.UL- 

%-ru^ 

5;^_£f 

11;A:^ 


6  ;  /.  3S 

12;  /■  yO 


^cc 


MAY  n  q  n 


1395 


\^sual  Inspection;  /?-£ 

(Place  comments  on  attached  sheet)  7 


PPG  PART  WTTMRRR  P>y^(l-r)/^^ 


CUSTOMER  PART  NUMBER  //O' ^0^  - 

UNIT  SERIAL  NTTMBER  'J  77  '//'  d  '  5  ?_ 


VISUAL  INSPECTION 

DELAMINATION- _  — 

VINYL  CRACKS- _ OJL — 

SCRATCHES _ C^Ml. 

SEAL  CONDITION-___^.^ — 


0(C 


ELECTRICAL  CONNECTOR  CONDITION- 


PPG  Part  Number:  5 _ 

Customer  Part  Number  / 3  ^  _ 

Unit  Serial  Number  /  ~  ll  '  ^  ! 


Bus  to  Bus  Resistance:  fl 

Thermal  Image 

S.E.  Resistance  ZC>U> 


Acc/Rej 


Date  Inspector 

MAY  1  1  1995 

Sli£hf 

may  1  1  1995 


Insulation  Test 
(2500  VAC) 


Power  to  S.E.  MAY  1  1  1995 

S.E.  to  Metal 


2£P.PG5.5 


.  to  S.E. 


NESA  Scratch  Test  (350  VAC): 
Light  Transmittance:  7^'^ 
Haze: 

Photo  (Single  Exposure): 

Deviation  Inspection 
(Per  Template) 

1:.3.0  2:S-0.. 

7:  /.O  8:  J-0 


- 7 - 

CUj^  may  1 1  IMS 

CX^^'  MAY  1  1  iq95 
MAYJJJ_995 

_  MAY  12  1995  22  PPG  23 


3:cP.O 


4-  /  .O 

10:M^ 


5:  1.0 

n-ji.o 


Dimensional  Inspection:  CX-fi-^L-'  MAY  \  1  .1995 

Unit  Thickness  (per  Template) 

l  hD3T  l-.±o2P  4:  /.6  4/  5:J 

9; 


6:  Ji.O 

12:  V-4? 


7:  /.gi*?  8:  /■0  3g' 

Edge  Thickness  (per  Template) 
I: ,  2:  / 

5:  /  6:TTV^ 

Seal  Evaluation; 

(Comments)  _ _ 


7:~7g!ro 


4:  A  6  4/ 


6: 

11:  12: 


MAY  1  1  1995 


Visual  Inspection; 

(Place  comments  on  attached  sheet) 


may  1 1  1995 


PPG  PART  MTTMRKR  Lo  -S' _ 

CUSTOMER  PART  WTTMBER  fd  ~  ^  ^  ^  zL 


UNIT  SERIAL  NUMBER. 


/  - 


VISUAL  INSPECTION 

PRT.&MTTJATTON-  (D/^ - 

VINYL  r-RACKS-  OA^  - 

SCRATCHES-.  _ 

SEAL  CONDITION-_^S®®^ _ 

ELECTRICAL  CONNECTOR  CONDITION- 


CUSTOMER  PART  NUMBER 
UNIT  SERIAL  NUMBER _ 


f6  -7 

/  ^  //  ^ 


VISUAL  INSPECTION  AND  COMMENTS 


PPG  Part  Number: 


Customer  Part  Number 


Unit  Serial  Number 


Bus  to  Bus  Resistance:  Q 


Thermal  Image 


S.E.  Resistance 

Insulation  Test 
(2500  VAC) 


Power  to  S.E. 
S.E.  to  Metal 
S.E.  to  S.E. 


Acc/Rej 


MAY  0  8  1995 
MAY  0  8  1995' 


Inspector 

£2  PPo  j 


NESA  Scratch  Test  (350  VAC): 
Light  Transmittance:  '7*-  *f 


-  0  '^J995  £.;  ppo^ 

li.r. '  c  .ocjOi.:  P?3  uO 

""  Pp>g  g) 


Photo  (Single  Exposure): 


MAY  09  1995  22  PPG  23 


Deviation  Inspection 
(Per  Template) 

1:  /■  0  2:j^ 

7:  s.h  8:  3G. 

Dimensional  Inspection: 


3:  ff.o 
9:  .5 


10:^.  c> 


5:X^ 


6:  3  0 

n-.^UL. 


0  8  1995  PPG  £0 


Unit  Thickness  (per  Template) 

1:/.V^  2:  3:J^ 

7:A35i 

Edge  Thickness  (per  Template) 

1:'Y77  2:JU. 

1-120. 

Seal  Evaluation: 

(Comments)  _ 


4:^LS7 

10/5^ 


4:jSZ1 


5:  7,  3d>  6:  /.S^ 

n-.jSJ 


u'.'HI  i; 


)  3  1395 


Visual  Inspection: 

(Place  comments  on  attached  sheet) 


-95  umm 


PPG  PART  NUMBER _ - 

CUSTOMER  PART  NUMBER  lO  ' S>0 
UNIT  SERIAL  NUMBER  5  3 


VISUAL  INSPECTION 

DELAMINATION-__ - CiL— - 

VINYL  CRACKS-_ _ ^ - 

SCRATCHES-___ _ 

SEAL  CONDITION-. - ^ - 


ELECTRICAL  CONNECTOR  CONDITION- - 


PPG  PART  NUMBER _ - 

CUSTOMER  PART  WTTMBER  /O-303^7~l - 

UNIT  SERIAL  NTTMBER  S  -  o9 


VISUAL  INSPECTION  AND  COMMENTS 
J  /  /-  /I  -  ^  S  /^i (\A/  S 


PPG  Part  Number: 


Customer  Part  Number 


Unit  Serial  Number 


ID-  50347-/ 


Bus  to  Bus  Resistance:  ^7-7  Q 


Thermal  Image 

S.E.  Resistance 

Insulation  Test 
(2500  VAC) 


3  0^ 


Power  to  S.E. 
S.E.  to  Metal 
S.E.  to  S.E. 


NESA  Scratch  Test  (350  VAC): 
Light  Transmittance: 


Acc/Rej 


Inspector 


■Sillies' 

tvlAY  G  3  i99S  22  PPg^ 
,:a-/  '  3-395 


■  0  8  i985 

MAY  0  8  1G3b 


Photo  (Single  Exposure): 

Deviation  Inspection 
(Per  Template) 

1:  •(  2:  .3 

7:.  5  8:  .'X 

Dimensional  Inspection: 

Unit  Thickness  (per  Template) 
1:  /.L,0  2:j^2_ 

Edge  Thickness  (per  Template) 
6:_si£o_ 


Seal  Evaluation: 
(Comments) 


3:^ 
9:  (2. 


3:/.£p' 

9:A£S: 


7:  ^sc> 


MAY  03  iS85 


4:^3_ 
10:,  V' 


5:  , 

11:. 3 


MAY  0  8  1995 


10:/ 5U- 


4: 


3-jsL 

\\:A^ 


31995 


6: 

12:.  4^ 


6:  /3'5~ 
12:/.  ^3 


Sfg  Ck) 


Visual  Inspection:  sef  ‘''x*'-"'' 
(Place  comments  on  attached  sheet) 


MAV  r*  Q  -fC) 


CUSTOMER  PART  NUMBER,,/^  ~ 

UNIT  SERIAL  WTTMRER  'U'  0  S~  / : 


VISUAL  INSPECTION 

DELAMINATION- _ _ 

VINYL  CRACKS- _ 

SCRATCHES- - 


M. 


SEAL  CONDITION- _ ^i!L 


ELECTRICAL  CONNECTOR  CONDITION 


PPG  PART  NUMBER _ - 

CUSTOMER  PART  NUMBER  (O' 

UNIT  SERIAL  wttmrer  ^-^3'J. 


VISUAL  INSPECTION  AND  COMMENTS 


PPG  Part  Number; 
Customer  Part  Number 
Unit  Serial  Number 


/O-  30  3^'^  ‘  ! 


Bus  to  Bus  Resistance: 


%/)n 


Acc/Rej  Date 

0-^  MAY  1  1  iqqi; 


Thermal  Image 

S.E.  Resistance  3  0  7 

(XjUL^ 

MAY  1 1  1995 

Insulation  Test  Power  to  S.E. 

MAY  1 1  1995 

(2500  VAC)  S.E.  to  Metal 

Cx&^ 

S.E.  to  S.E. 

NESA  Scratch  Test  (350  VAC): 

Oj^- 

MAY  1  1 

Light  Transmittance:  0  le 

MAY  1 1  1995 

Haze;^^^fe'  /* 

MAY  1 1  1995 

Photo  (Single  Exposure); 

MAY  1 2  1995 

2?P.P.a23 


Deviation  Inspection 


(Per  Template) 

1:^5  2:^5 

7:  hO  8:  f -0 

3:^-^ 

9:  t  o 

4: 

10; 

5:i^ 

\\\36 

6: 

12;i^ 

Dimensional  Inspection: 

may  1  1  1995 

Unit  Thickness  (per  Template) 

1;  }.OU-S' 

T.  \  .OYl  % 

3:I0U^ 

9:I,C>H3 

4;  1  .OaU- 

10;  \.OSD 

5: 

11: 

6:  ) 

12;/.  0^7 

Edge  Thickness  (per  Template) 

5:  1^50  6;.^3S' 

3: 

7;  . 

4: 

8^  • 

Seal  Evaluation; 
(Comments) 


MAY  1 1  1995 


Visual  Inspection; 

(Place  comments  on  attached  sheetY^"^*^ 


MAY  1-1 


PPG  PART  NUMBER. 


0  IcS 


CUSTOMER  PART  NUMBER  ^ - 

UNIT  SERIAL  NUMBER  fS  - 


VISUAL  INSPECTION 
DELAMINATION- 


VINYL  CRACKS-__Q_K - 

SCRATCHES-.^^«_>SiS^i:i. 


SEAL  CONDITION- 


ELECTRICAL  CONNECTOR  CONDITION- 


PPG  PART  NUMBER _ ^  ^ - 

CUSTOMER  PART  NUMBER  I  6  -  ^  ^3^-9-/ - 

UNIT  SERIAL  NUMBER  8  '  4  -  6  L  -  ^ 


VISUAL  INSPECTION  AND  COMMENTS 


PPG  Part  Number: 


PPG  PART  NUMBER 
CUSTOMER  PART  WTTMRF.R  /  0  - 
UNIT  SERIAL  NUMBER _ (  '  "I f  "  3-  _ 


VISUAL  INSPECTION 
DELAMINATION-. 
VINYL  CRACKS- 


ELECTRICAL  CONNECTOR  CONDITION- 


PPG  PART  mttmrfp  ^  ^ - 

CUSTOMER  PART  NUMBER  /Q  '  3  0^^  2. - L 


UNIT  SERIAL  NUMBER. 


/  ,  fV 


VISUAL  INSPECTION  AND  COMMENTS 


PPG  Part  Number: 


Customer  Part  Number 
Unit  Serial  Number 


/  ^  .  -jd  3 

S'  ^  ~  Ai/  ~/-3  ) 


Bus  to  Bus  Resistance; 

Thermal  Image 

S.E.  Resistance  3  ^ 

Insulation  Test  Power  to  S.E. 

(2500  VAC)  S.E.  to  Metal 

S.E.  to  S.E. 

NESA  Scratch  Test  (350  VAC); 

Light  Transmittance:  75.5 
Haze:  J  ^ 

Photo  (Single  Exposure); 


Acc/Rej 

Date 

MAY  1 1  1995 

Inspector 

may  1 1  1995 

22PHGaT^ 

(Xe^ 

may  1 1  1995 

2ePHG  55 

n 

Gla<l 

MAY  11  1-“-.=. 

CL<!uO_ 

MA''-  1  1 

MAY  1 1  1c:”-:' 

li  f-f-Q  55 

may  12  1995 

zzppoz'j 

Deviation  Inspection 
(Per  Template) 

1:  1.0  2:  1-0 
8:  hO 

Dimensional  Inspection: 

Unit  Thickness  (per  Template) 

l://g35  2; 

7: i.Q^O  8:  1.03^ 

Edge  Thickness  (per  Template) 
1:  .^1%  2:  ■ 

6: .  iOO 


Seal  Evaluation; 
(Comments) 


3:  A  <7 

4:  /.^ 

9:  ZJ.6 

10:^^ 

0-<LeLx 

MAr 

3:  /.Z>‘A5 

4: 

9: 

10: 

3: 

4; 

7: 

8: 

n-3>-d>  12:545 

1  1995 


5:  6:_A^^ 

11; 12:  hCU-i- 


~TJ 


may  1  1  1995 


\^sual  Inspection: 

(Place  comments  on  attached  sheet) 


.MAY  1 1  1-1-5 


iAALu£>i^ 


PPG  PART  WTTMRER  C  ^  ^ _ 

CUSTOMER  PART  NUMBER  /  ^  "  30 
UNIT  SERIAL  NUMBER _ 


VISUAL  INSPECTION 
DELAMINATION-  at' 

VINYL  CRACKS-  C)  Ki _ 

qpp&TCHRS- 

SEAL  CDNnTTTON-  fegU. 


ELECTRICAL  CONNECTOR  CONDITION- 


PPG  PART  NUMBER _ O  C>  ^ - 

CUSTOMER  PART  NUMBER _ /Q  "  ^  ^_.Z. 

UNIT  SERIAL  NUMBER^ _ 


VISUAL  INSPECTION  AND  COMMENTS 


Customer  Part  Number 


PPG  PART  NUMBER_ _ O  L>-^ - 

CUSTOMER  PART  NUMBER  I0~363¥7~  L - 

UNIT  SERIAL  NUMBER  /99  ^0  H-ll. 


VISUAL  INSPECTION 

DELAMINATION- _ 

VINYL  CRACKS- _ 

SCRATCHES- _ 

SEAL  CONDITION- _ 


AcC 

Acc 

CidO^ 


ELECTRICAL  CONNECTOR  CONDITION-_^ 


7 


PPG  Part  Number: 
Customer  Part  Number 
Unit  Serial  Number 


!  0  -  30  3^^  7  -f 
^S-113j:d£-±.^ 


Bus  to  Bus  Resistance:  ic3-0  Q 
Thermal  Image 


Acc/Rej 

GLa-^ 


Date  Ins^or 

MflV  1  1  199R 

MAY  1  1  1995  22  PPG  55 

MAY  1  1  1995 


S.E.  Resistance  i  ^ 

Insulation  Test 
(2500  VAC) 


Power  to  S.E.  G^  j 

S.E.  to  Metal  C»-A-< 

S.E.  to  S.E.  HO  l(i 


NESA  Scratch  Test  (350  VAC): 
Light  Transmittance:  96-1/ 
Haze: 

Photo  (Single  Exposure): 

Deviation  Inspection 
(Per  Template) 

1:^0  2:2^ 

7:  5-^  S:;^.0 


Dimensional  Inspection: 

Unit  Thickness  (per  Template) 
l:/.n3g  2:  ).off 

7:/./)  35  8: 

Edge  Thickness  (per  Ttoplate) 

1:  2:^5^ 

5:  .  6:10? 

Seal  Evaluation; 

(Comments)  _ 


MAY  1  1  1995 
may  1  1  1995  ppft 

(W,  MAY  1 1  19^^ 

MAY  12  1995  22  PPG  23 


3:^.^ 

9;^ 


9: 


3: 

7: 


4:  ^6 
10:^^ 


5;_^ 

11: 


6:  /.g> 

12: 


MAY  1  1  1995 


22  PPG  55 


A-.I.OSr  5:  hO-^^  6: 

10;M/^  11: 


4: 

8:~73y 

MAY  1  1  1995  22  PPG  55 


Visual  Inspection; 

(Place  comments  on  attached  sheet) 


MkY  1 1  199'’ 


PPG  PART  NUMBER 


PPG  PART  NUMBER _ 

CUSTOMER  PART  NUMBER. 
UNIT  SERIAL  NUMBER _ 


L)  S _ 

303^7-1 
<  klO 


VISUAL  INSPECTION  AND  COMMENTS 


PPG  Part  Number; 


Customer  Part  Number 


Unit  Serial  Number 


Bus  to  Bus  Resistance; 

Thermal  Image 

S.E.  Resistance 

Insulation  Test 
(2500  VAC) 


I  -19-6^ 

Acc/Rej 

(2^ 


Power  to  S.E. 
S.E.  to  Metal 
S.E.  to  S.E. 


NESA  Scratch  Test  (350  VAC); 
Light  Transmittance; 

Haze  ;  )  ■  • 

Photo  (Single  Exposure); 

Deviation  Inspection 
(Per  Template) 

1:  2:4-^ 

7;  tf.S  8;  H-S 

Dimensional  Inspection; 

Unit  Thickness  (per  Template) 

8; -S' 55 

Edge  iliickness  (per  Template) 
L.gsr'  2; 

5:  ^  g/0  e-.-'SlS 

Seal  Evaluation;  . 

(Comments)  ^ 


Cu2i2^ 


1  1  ?9Qc; 


Insp^or 


MAY  1  1 


le.  rru 


3;  4-5 
9-.5hB 


Z-.,d'SO 
9;  5V57 


3;  . 

1:,9 15 


MAYJJJ995 
MAYJJJ995  Z2>-i-b. 
MAY  1  I  19c;r 
MAY  12  1995  22  PPG  23 


4;  ^-5 
10;<:a-5 


11; 


fflAYjJJSSS 


10;  85^ 


11;  ^5^ 


4; 


MAY  1  1  1995 


\^sual  Inspection; 

(Place  comments  on  attached  sheet) 


1  1  19Qt;  ^P5  5L 


PPG  PART  WTTMRF.R 

CUSTOMER  PART  NUMBER  j  t)  "  I 

UNIT  SERIAL  NUMBER  QH 


VISUAL  INSPECTION  AND  COMMENTS 

II 


PPG  Part  Number: 
Customer  Part  Number 
Unit  Serial  Number 


Bus  to  Bus  Resistance:  7^^*  Q 
Thermal  Image 


Acc/Rej 


S.E.  Resistance 

Insulation  Test 
(2500  VAC) 


Date 

MAY  1 1  1995 
5/tsU^ 
MAY  1  1  1995 


Inspertor 


u 


Power  to  S.E. 
S.E.  to  Metal 
S£.  to  S.E. 


NESA  Scratch  Test  (350  VAC); 
Light  Transmittance;  'PS',  to 
Haze;  • 

Photo  (Single  Exposure); 

Deviation  Inspection 
(Per  Template) 

1:  ^  O  2:i^ 

7:  Q-.Q  8: 

Dimensional  Inspection; 

Unit  Thickness  (per  Template) 
2:^ 
8:;^ 

Edge  Thickness  (per  Template) 

2:  m 

5>W)  iuW 


Seal  Evaluation; 
(Conunents) 


^Y  1 1  19S5 


MAY  1 1  1995 
MAY  1 1  1995 
MAY  1 1  1935 


‘U  hrij  oi 

A  HPG  5j 


MAY  1 2  1995  22  PPG  23 


3;^»-5 


3:1^ 


4;  ^5 

loT^ 


S-.'r^O 
II;  5^-5 


6; 

12-^ 


^  MAY  1  1  1995 

5;_^^  6;1^ 

10;  .75-5-  11;^'7  12;^f 


7;1^ 


8;W 


MAY  11  1995  PPG  55 


Visual  Inspection; 

(Place  comments  on  attached  sheet) 


MAY  11  1995  22  PPG  55 


PPG  PART  MTTMRKR  - - - 

CUSTOMER  PART  NUMBER  f - 

UNIT  SERIAL  NUMBER _ 


VISUAL  INSPECTION  AND  COMMENTS 


PPG  Part  Number; 


Customer  Part  Number 


Unit  Serial  Number 


to  -  ILSl-  AO 
S'?  ~  ‘  5  "SS ^ 


Bus  to  Bus  Resistance;  LySp-  Q. 


Thermal  Image 


Acc/Rej 


S.E.  Resistance 

Insulation  Test 
(2500  VAC) 


Power  to  S.E. 
S.E.  to  Metal 
S.E.  to  S.E. 


NESA  Scratch  Test  (350  VAC): 
Light  Transmittance:  '7')-') 
Haze:  /  •  I 

Photo  (Single  Exposure): 

Deviation  Inspection 
(Per  Template) 

1:^0  1-A-^ 

8:  ‘i-d 

Dimensional  Inspection: 

Unit  Thickness  (per  Template) 
1: 1  2:  - 

7: 1  K  8: «  S^S 

Edge  Thickness  (per  Template) 

1: .  2-.±M 

5-.,^^  6:.l^ 

Seal  Evaluation: 

(Comments)  _ _ 


Inspector 

^  PPG  55 


6//^/ 

MAV  1  1  1995  ^2ppsS6 

1  1  19SS  '2P?g55 

ft^AY  1  1 

feAY  1  1  l-dbS  PPG  55 
MAY1JJ995 
MAY  12  1995  22  PPG  23 


9: 


3; .  r  7^ 

9:S^ 

3: ' 


4: 

10  :  ‘hi> 


5:  ^5 
11: 


MAY  1  1  1995 


10>i’^<^ 


A-.2d4 

8:  • 


5: 

11: 


6:  , 
12: 


6: 


MAY  1  1  19S5 


22  PPG  55 


\^sual  Inspection: 

(Place  comments  on  attached  sheet) 


MAY  11  19^5 


PPG  PART  NUMBER 


PPG  PART  MTTMRT^R  id  ^ - - - 

CUSTOMER  PART  NUMBER  /  3  / - 

UNIT  SERIAL  NTTMRER  ^  ^ 


PPG  Part  Number; 


Customer  Part  Number  //) 
Unit  Serial  Number  ~ 

Bus  to  Bus  Resistance: 

Thermal  Image 


Acc/Rej 


S.E.  Resistance 

Insulation  Test 
(2500  VAC) 


Power  to  S.E. 
S.E.  to  Metal 
S.E.  to  S.E. 


NESA  Scratch  Test  (350  VAC); 
Light  Transmittance:  7^-^ 
Haze:/-c?- 

Photo  (Single  Exposure): 

Deviation  Inspection 
(Per  Template) 
l:Jt^  2:4-^ 

7:jbiL  8:  <4-5 

Dimensional  Inspection: 

Unit  Thickness  (per  Template) 

1:  /  2: 

l-.Mi 

Edge  Thickness  (per  Template) 

1;  .$5  S'  2: 

5:  6:i?^ 

Seal  Evaluation; 

(Comments)  _ 


3:Jb^ 
9:  4.^" 


3:1^ 


y.jljiP 
7;  -  5'^-^ 


Inspects 


MAY  1  1  1995 
MAY  1  1  19S5 

MM_UJ995 
MAY  1 1  i99.«; 

fyiALU_j9s5 

MAY  1 2  1995  22  PPG  23 


4:  c/.^  5:  4>0  6: 

10:  12:jj4i' 

. .  22  PPG  hi 


may  1 1  19^ 


5:.§-^  6;^/ 

10:.S<j4>  n:.?SX)  12:.^ 


4:  ,  gVS 
8:  ^ 

1  MAXnjS95 


^^sual  Inspection; 

(Place  comments  on  attached  sheet) 


may  1 1  1*5 


PPG  PART  NUMBER _ ^ 


CUSTOMER  PART  NUMBER 
UNIT  SERIAL  NUMBER. 


VISUAL  INSPECTION 


DELAMINATION- 


PPG  Part  Number: 


Customer  Part  Number  / ^  ^ 

Unit  Serial  Number  ^ ^  / 00"  ^ -3 


Bus  to  Bus  Resistance: 
Thermal  Image 


Acc/Rej 


S£.  Resistance 

Insulation  Test 
(2500  VAC) 


Power  to  S.E. 
S.E.  to  Metal 
S.E.  to  S.E. 


NESA  Scratch  Test  (350  VAC): 
Light  Transmittance:  7“^  •  ^ 


Photo  (Single  Exposure): 

Deviation  Inspection 
(Per  Template) 

1:  2:  f 

7:_£tS_  8:4-5 

Dimensional  Inspection; 

Unit  Thickness  (per  Template) 

1;  »  2: 

z.j:±P 

Edge  Thickness  (per  Template) 
1: ,  2: 

Seal  Evaluation: 

(Comments)  _ 


Date 

may  1 1  1995 
MAYiJEj995 
May  1 1  i9.qg 
may  1 2 

may  1 1  1991 
may  1  i  1995 

may  1 1  m 

MAY  12  1995 


Inspector 


22  PPG  55 

?.l  P^G  55 


J^PPGSb 

22  PPG  5b 

22°Pg55 

22  PPG  23 


3:4<5 

9:  4i6 


4:t^O 

loTl^ 


5:</-j5 

11: 


6:  ^5 
12:^^ 


may  1  1  1995 


3:££4 

9: 


3t?ro 

7:_i££^ 


Ailing 

W.‘S'^C 


5:  _£^ 
11:^^ 


6:  >  W 

12;  P.Q-ffi 


MAY  1  1  1995  2?  PPG  55 


Visual  Inspection; 

(Place  comments  on  attached  sheet) 


MAY  1 


1  2?  PPG  55 


PPG  PART  MTTMRKR  .  /U 


CUSTOMER  PART  NUMBER. 
UNIT  SERIAL  NUMBER _ 


VISUAL  INSPECTION  AND  COMMENTS 


PPG  Part  Number: 


Customer  Part  Number  /6-/6S  ?-^0 
Unit  Serial  Number  *7^  V  ~S S' / 


Bus  to  Bus  Resistance:  fl 

Thermal  Image 


Acc/Rej 


Date 

MAY  1 1  1995 


Inspector 


S.E.  Resistance 

Insulation  Test 
(2500  VAC) 


Power  to  S.E. 
S.E.  to  Metal 
S.E.  to  S.E. 


NESA  Scratch  Test  (350  VAC): 
Light  Transmittance: 

Haze:  [ .  I 

Photo  (Single  Exposure): 

Deviation  Inspection 
(Per  Template) 

1:4-6  2:  4-5 

Dimensional  Inspection: 


MAY  1  1  1995 

/4  MALUJc-SS  J2Pii!i55 


/ 


,  *  »'■  r'l; 
C  M 


may  1 2  1995  22  PPG  23 


3:  4-6 
9:  4:^ 


4:Jt£ 

10:^0 


5:  4-5' 
ILJjM 


6:  4-6 
12:^5 


MAY_LLJ995 


Unit  Thickness  (per  Template) 

1:,^^  2:^  3::iV^ 

7:,  ^37  8:_J^O  9:.3sr 

Edge  Thickness  (per  Template) 

2:  .5^  3:.  ^3^ 

5:.^6^  6:lMf  7:^^5‘ 


Seal  Evaluation: 
(Comments) 


4:  ■g'.gO  5:  6:.^^ 

lO^H^  ll:i  8-S9  12: 


4:,^aL3 

8: 


may  1 1  1955 


22  PPG  55 


Visual  Inspection; 

(Place  comments  on  attached  sheet) 


may  1 1  bS5 


2?p^G55 


PPG  PART  NTTMRPP  r(7V/^d  - 

CUSTOMER  PART  NUMBER. 

UNIT  SERIAL  NTTMRPR  ^  ^  '  cPO  S' '  tjo  ''  ! 


VISUAL  INSPECTION 
nRT.&MTNATTON-  C) 
VINYL  CRACKS- 


SCRATCHES- 


SEAL  CONDITION- 


ELECTRICAL  CONNECTOR  CONDITION-. 


PPG  PART  NUMBER. 


CUSTOMER  PART  NUMBER  /  0  "  / <^0- 
UNIT  SERIAL  NUMBER  '^6^' A/o  ~ 


VISUAL  INSPECTION  AND  COMMENTS 


PPG  Part  Number: 


Customer  Part  Number  /  C>  ~  ^ 

Unit  Serial  Number  9*^ 


Bus  to  Bus  Resistance:  -5^ ‘7, 1  Q 
Thermal  Image 
S.E.  Resistance 

Insulation  Test  Power  to  S.E. 

(2500  VAC)  S.E.  to  Metal 

S.E.  to  S.E. 

NESA  Scratch  Test  (350  VAC): 

Light  Transmittance: 

Haze:  7  f 

Photo  (Single  Exposure): 


Acc/Rej 

Date 

may  1 1  1995 

Inspector 

22 

»/>! 

MAY  1 1  1995 

22  PPG  5'. 

/ 

may  1 1  1995 

22  PPG  55 

. 

(2m^ 

MAY  1 1  1995 

22  PPG  55 

/ld£^ 

MAY  1  1  19S5 

22  PPG  06 

may  1  1  1995 

22  PPG  55 

may  12  1995 

22  PPG  23 

Deviation  Inspection 
(Per  Template) 

1:  2:  <4-5  3:  •+■5  4:  5:  V  6: 

7:  8:  ^  <0  9:  V-&  10:V'-^  11:^-^  12: 

Dimensional  Inspection:  ^  MAY_1_1_J995  PPG  55 


Unit  Thickness  (per  Template) 

1: .  8VO  2:  .^'3(5- 

3: 

4:,?^ 

7:  .  8: 

9:  ■S3<| 

io..yvg> 

Edge  Thickness  (per  Template) 

1: .  ^33-  1-..SSS 

3:  2UC> 

4:  1 

5:944  6:.84g 

7:.gS5- 

8:.2SC 

5:  6: 

12:S£2 


Seal  Evaluation: 
(Comments) 


MAY  1 1  1995 


Visual  Inspection: 

(Place  comments  on  attached  sheet) 


\m  1 1  lass  ■-^ppggg' 


PPG  PART  NUMBER _ 

CUSTOMER  PART  NUMBER 
UNIT  SERIAL  NUMBER _ 


I6^ _ 

//.  -  lUsl'Ad 


^  ^  9'a/^ 


VISUAL  INSPECTION  AND  COMMENTS 


APPENDIX  D 


B-52  WAVS  BIRD  IMPACT  DATA  SHEETS 


. .  ."SASOT  ^ 

“HEMP. — - 

iSpi^i^zzzzi: 


/£>  •  ^ 


50 


nisrff.- 


-  -  ..i  f  ' 


fstt — 


i:',^ 

i  ilirA 


-3_2L1 

JLoA_ 


-Br—Jh-Tr-7-7^^- 


M-tt:: 

t  !  i  -  r 


Claj^_s:_  .. 


3Ji. 


{/7,3£> 


X/£.2Cf/^ 

Snifib ! 


-hjliuyK 


ESI  i. 


1  i  k.  W  XJ  • 


ilPACIfl. 
■  ilSO  . . 


'  i  rrr 


i  iemp: 

.  !  TB-^n- 

i.r  — 

j  iiiiM;-- 

ni.AD 

!•  iJini-: - 

.‘iL 


<^¥3 _ 


^SS- 


.JilSOL  Aiy~^ul 


qi%--- 


.<aa2x- 


.e>c>_ 


smdr- 


~Vf^ 


.ptp_^jjsnr. 


ektd^. 


I 


- . 

zfM. 

-  liPIEI  PI.  G^'dyC- 


3.9^0 


m-  -i~-o3 

yimi 


ZTIiMP.  '/rp_ 

--^yii  ^/%  ~ 
i — BIaP.'  .oi’/ — 


.<a^ 


s4fiA^ 


■  002f^lJ  /X- 


l-i^_l  -g<9<rr7/7  ^4'7,r 


■  v.'*  ■  .'i  •^- 


*§■6  rl^ '03-1 7-1- 

Ij  >^0? 


:T  ’■"'-  .0:'  ••^■•'’v  vrV\"t*;‘  '•* 

1  •  : .  :’A  ;:'•  ••■  ■.  ••  -  ->.7: 

I--  /  :V:.7  a'  ‘-V  ‘ 


<fc-/  . . .  _r 
K'^Fm^^  0  i 


CvO 


//.i^  - 

jll!!MI  PI- 


_ 

_  ^ 

-7  ^  . 

z.^?-  y  30^  ^9 ' 


2i^':<^<R£5;: 

--mr-  ^.oos 

--— s^eoi/z/i/- 


T  TC 


thtl-. 


LUEI 


~f~llilffr^.'<g'g^ - 

4--l}{l!!-- . -  007-0^-3-3 — 

.oo^/o^4^ _ 

4-^  ■00^o3'Sj  4zzJo 


y/w' 


(iESI  i. 

Q47 

'SPEED  - 

. - 

PiiESi  -'  ■ 

. .  _ 

.,;?ACI  PI. 

•  n  n 

;  *  i  L' 

'4-0(QS'__ 

r;.C;(  ■ 

- . - 

...ikm 

-  ■ 

I.  lEi.- 

-  . 

L  IEMP._. 

liL^: 

,^77. 

I[SI  i,  W 


T  Jfi]  Fl  Wz 


^s.cs 


I  liiKU 


■  £>3 


TrMBill 

rmrjrf^ 

m:-^77^ - 

- 


_ . 

^y-H-n.'a^.zLiH 


. - 

. —  . 

/]/\c  -6:/ 

“ . i-H.'^  --  - 

- - - - - l/ys^^ .  .. 

9‘t-03'^-lh-7h'P. 

ipii^i',  .  _  :: 

-  - - - ...  ,  .  ..  ._  . 

m~ 

-  -  - 

PfiC! _  ^.OA _ 

.,.SMr~'7?  ^  . 

. .  ■  -  -  -  - 

1.  ifMf.  --R /-  --  -  -—■ 

- - -  -  .  -  -  - 

LJgiip _ 23A/^ 

L.  1  Lllii  • 

U  I  t  q 

'y - 


J[SU10>-7-5^-- 
Fir . 


HinPiltH'Fl 

IlpilZr.o/ 

_ !  . . .  Citul/i  j^  /.  / // 

-  -ill— 


Ibhrxev-E:^  i->^&S 
3'^-  OL.  I 


^C’  4-0^^-&'^3 


'S.L^<..0  0  >7/0^4//  4i4>.?5 


%  IsiU 


